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IMPAIRMENT OF PULMONARY FUNCTION 
IN ANTHRACOSILICOSIS 


HURLEY L. MOTLEY, MD. 

BURGESS GORDON, M.D. 

LEONARD P. LANG, M.D. 
AND 


PETER A. THEODOS, M.D. 
PHILADELPHIA 


NTHRACOSILICOSIS ' (miners’ asthma) or coal miners’ pneu- 
monoconiosis is a disabling occupational disease characterized by 
progressive dyspnea, intercurrent respiratory infections and not infre- 
quently in the terminal stage by failure of the pulmonary circulation. 
The impairment of breathing in anthracosilicosis is primarily related 
to the amount and distribution of the fibrosis resulting from inhalation 
of dust. Silica is generally regarded as the primary agent responsible 
for exciting the formation of fibrous tissue; however, some observers 
believe that carbon also exerts an effect The criteria necessary for 
the determination of the degree of disability (inability to work) are 
controversial. In the past the roentgenologic findings have taken 
precedence. In recent years, however, it has been recognized that there 
is a discrepancy between the roentgenologic and the functional studies." 
In the present investigation extensive physiologic studies were under- 
taken to determine more accurately the nature of the respiratory 
Investigation aided by research grant of the Anthracite Health and Welfare 
Fund of Jefferson Medical College Hospital 

From the Cardio-Respiratory Laboratory, Barton Memorial Division of 
Jefferson Medical College Hospital and the Department of Medicine of Jefferson 
Medical College, 

Read before the Section on Preventive and Industrial Medicine and Public 
Health at the Ninety-Eighth Annual Session of the American Medical Association, 
Atlantic City, June 9, 1949 

1. Sayers, R. R.; Bloomfield, J. J.; Dalla Valle, J]. M.; Jones, R. R.; Dreesen, 
W. C.: Brundage, D. K., and Britten, R. G Anthraco-Silicosis Among Hard 
Coal Miners, Public Health Bulletin No. 221, United States Treasury Depart 
ment, Public Health Service, 1935 

2. Gough, J.: Pneumonoconiosis in Coal Workers in Wales, Occupational 
Med. 4:86, 1947. 


3. (a) Fletcher, C. M. Pneumoconiosis of Coal Miners, Brit. M. J. 1:1015, 
1948. (b) Gordon, B.; Motley, H. L.; Theodos, P. A., and Lang, L. P Anthra- 
cosilicosis and Its Symptomatic Treatment, West Virginia M. J. 4§:125, 1949 
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impairment in anthracosilicosis and to correlate the results of these 
studies with the usual clinical findings. Measurements of pulmonary 
function are not sufficient for diagnosis of the disease; a good recording 
of the history, a physical examination and a roentgenologic examination 
are still necessary ; however, the additional information obtained from 
functional studies permits a more exact evaluation of the patient’s dis- 
ability. In the present study the impairment of pulmonary function of 
each patient has been evaluated from physiologic tests with respect to 
the ability of the organism to supply oxygen to, and remove carbon 
dioxide from, the blood while breathing air both at rest and during 
exercise, 


Taste 1—Measurements Used in Evaluation of Pulmonary Function 


Measurements Norma! Values 


3. Residual air.. 1000-1, 500 ce. 

4. Oxygen uptake from ‘air breathed | 


(b) 506.0% (50-00 ce. per liter) 
5. Carbon dioxide addition to air breathed 
!.. 8.2-4.0% (32-40 ce. per liter) 
(b) Exerelae.. .. (34-42 cc. per liter) 
6. Arterial blood bemogjobin saturation with oxygen 
(a) Rest........4. + 
7. Arterial blood gas te nsions 
(a) Oxygen 95.0 mm. He. 
(b) Carbon dioxide (pe > . 40.0 mm. Hg. 
& Dyspnea following mild exereise... ©) sec, 


(Exercise—-20 step ups in 1 min. on stool me m. high) 


METHODS 


The physiologic measurements used in evaluating pulmonary function appear in 
table 1. The tests used have been adapted from the plan of investigation followed 
by Cournand and Richards. Each of these tests will be commented on briefly: 

1, Maximal Breathing Capacity.—This is a measure of the maximal amount 
of air which can be moved in and out of the lungs in a given unit of time. A 
: large (13,5 liter) modified Benedict-Roth metabolism apparatus was used to deter- 
mine the maximal breathing capacity (M.B.C.).6 The apparatus was designed to 
reduce the air resistance to rapid deep breathing to a minimum by means of a 


high velocity directional valve, large tubing and a large bell. Multiple measure- 
ments were obtained in the standing position in every case, each representing a 


12 second run, with varying rates and depths of breathing. The highest value 
obtained for each subject was used. The apparatus provides a permanent graphic 


x (a) Cournand, A., and Richards, D. W., Jr.: Pulmonary Insufficiency: I. 
Discussion of a Physiological Classification and Presentation of Clinical Tests, 
Am. Rev. Tuberc. 44:26, 1941. (b) Baldwin, de F.; Cournand, A., and Richards, 
D. W., Jr.: Pulmonary Insufficiency: I. Physiological Classification, Clinical 
Methods of Analysis, Standard Values in Normal Subjects, Medicine 27:243, 1948. 

5. Motley, H. L.; Lang, L. P., and Gordon, B.: Pulmonary Emphysema and 
Ventilation Measurements in One Hundred Anthracite Coal Miners with Respira- 
tory Complaints, Am. Rev. Tuberc. 59:270, 1949 
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tracing of the rate and the depth of breathing as well as the measurement 
of maximal breathing capacity. The regression formula *® used for calculating 
the predicted value was: 
M.B.C. in L./Min. = 86.5 — (0.522 « Age in Yr.) x B.S.A.M 2 
(B.S.A.M ? = body surface area per square meter) 
All ventilation volumes were measured as saturated gas at 37 C. and at the 
prevailing barometric pressure, except minute ventilation. 

2. Vital Capacity—This measurement was obtained both in the supine and in 
the standing position in the usual manner (inspiratory type) and recorded graphic- 
ally on the kymograph drum of the large metabolism apparatus. The values used 
herein are those of the supine measurements, since the residual air was determined 
in this position also. In most cases the supine measurement was 100 to 250 cc. 
less than the standing value. Supplemental (reserve) and complemental air were 
also determined in the supine position by the usual technic. 


3. Residual Air—The oxygen open circuit method* was used to determine 
the residual air (air which the subject is unable to blow out even with forced 


Example 


i. Measurements used: 


(ce) Total lung volume. ° 
(d) Residual air percentage of total Yung volume. 


2. Degree of emphysema based on the residual air he reentage of total lung volume by groupes: 


(a) Group 1. None.... 25% or less / Degree in 
(4) Group 4, Advaneed.......... ‘ 45-06% Degree 


} 
{e) Group 5. Far 55% or above! 


This classification of degrees of emphysema based on quantitative measurements was used in 
grouping all cases for study and analysis of the data obtained. 


expiration). A demand type oxygen regulator supplied the oxygen, and a Tissot 
type gasometer was used to coliect the expired air during the 7 minute period of 
oxygen breathing. Accurate quantitative measurements were obtained in duplicate 
on all patients and required to check within 100 cc. except in a few with far 
advanced emphysema in whom a tolerance of up to 5 per cent was permitted. 
The residual air measurement was made with the patients in a fasting and in a 
resting state, without medication, lying supine and as flat as was comfortable for 
the person. Since residual air plus vital capacity equal total lung volume, the 
residual air was expressed as percentage of total lung volume, and the resultant 
value was used to indicate the degree of pulmonary emphysema present (table 2). 
The predicted total lung volume of each subject was calculated from height, age 
and sex.’ 

4 and 5. Air Breathed (Oxygen Uptake and Carbon Dioxide Output) —During 
study wail the breathing air was supplied by a demand regulator from a com- 
pressed air tank, and the exact percentages of oxygen and carbon dioxide were 


6. Darling, R. C.; Cournand, A., and Richards, D. W., Jr.: Studies on Intra- 
pulmonary Mixture of Gases: An Open Circuit Method for Measuring Residual 
Air J. Clin. Investigation 19:609, 1940. 

7. Kaltreider, N. L.; Fray, W. W., and Hyde, H. W.: The Effect of Age on 
Pulmonary Capacity and Its Subdivisions, Am. Rev. Tuberc. 37:662, 1938. 
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determined on each tankful. All expired air samples were collected for 6 minutes, 
except when measurements of arterial tensions were made; then expired air was 
collected for 90 seconds simultaneously with the sampling of arterial blood. The 
percentages of the oxygen and carbon dioxide of the expired air were determined in 
a Scholander gas analyzer." The percentage of oxygen removed and the percentage 
of carbon dioxide added were then calculated. If the respiratory quotient was less 
than 0.7 for the resting sample and 0.6 for the exercise sample, the test was 
repeated to check for air leaks, All resting measurements were in duplicate. The 
total minute ventilation was divided by the respiratory rate to determine the 
average tidal air.® 

6. Oxygen Saturation of Arterial Blood.—Arterial blood samples were obtained 
both at rest and immediately after exercise from the brachial artery through an 
indwelling Cournand type needle The oxygen content and capacity and the 
carbon dioxide content were determined on the Van Slyke-Neill apparatus by 
two trained technicians using separate machines. Accurate checks were required 
on each blood sample. 
7. Arterial Blood Tensions The arterial tensions of oxygen and carbon dioxide 
in millimeters of mercury (mm He.) were obtained directly, the method of Riley 
being used.2 The collecting of blood samples for tension measurements was carried 
on simultaneously with the collection ot samples of expired air, so that the 
respiratory quotient could be used for calculating the alveolar oxygen partial pres- 
sure (pO) by the indirect method, for which the arterial and alveolar carbon 
dioxide partial pressures (pCO:) are assumed to be the same.t! The Haldane 
method of calculating alveolar oxygen partial pressure was unsatisfactory, as 
duplicate check values could not be obtained, whereas by the indirect method the 
calculation gave consistent check values even over prolonged periods (3 months 
to 1 year). The effective tidal air percentage was calculated from the arterial 
and the expired carbon dioxide partial pressure, with corrections for the 65 cc. 
of dead space in the apparatus 

8 Dyspnea Following Mild Exercise.—The exercise test in which the sub- 
ject makes 30 step-ups on a stool 20 cm, high if 1 minute has been used exten 
sively as an aid in evaluating pulmonary function. The duration of dyspnea as 
reported by the patient was timed following this mild exercise 

| 
MATERIAL FOR STUDY 


The data included in this paper were obtained from tests on 212 coal miners 
(180 anthracite and 32 bituminous), who were sent to the Barton Memorial Divi- 
sion of Jefferson Medical College Hospital for studies of pulmonary function which 
were sponsored by the Anthracite Health and Welfare Research Fund of Jeffer 
so Medical College Hospital All patients ,were admitted in order of dates of 


application ; hence there was no selection of the patients on the part of the labora 


8 Scholander, P. F.: Analyzer for Accurate Estimation of Respiratory Gases 
in One-Half Cubic Centimeter Samples, J. Biol. Chem 167:235, 1947. 

© The minute ventilation both at rest and during exercise was corrected to 
standard temperature-pressure (S.T.P.) (0 C. and 760 mm. Hg) 

10. Riley, R. L.; Proemmel, D. D., and Franke, R. E.:: A Direct Method for 
Determination of Oxygen and Carbon Dioxide Tensions in Blood, J. Biol. Chem 
161:621, 1945 

11, Riley, R. L.; Lilienthal, J L., Jr.; Proemmel, D. D., and Franke, R. E. 
On the Determination of the Physiologic ally Effective Pressure of Oxygen and 
Carbon Dioxide in Alveolar Air, Am J. Physiol. 147:191, 1946. 
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tory staff except that patients with demonstrated pulmonary tuberculosis, cardiac 
decompensation, cancer of the lungs or other occasional disabling medical con 
ditions were omitted from this study. Dyspnea, cough, expectoration, weakness, 
loss of weight, thoracic pain and hemoptysis were the major complaints’? with 
the greatest frequency of occurrence in the order of their listing. Dyspnea of 
some degree was a complaint in 92 per cent of the patients. All of the subjects 
gave a history of having been exposed inside coal mines for long periods (most of 
them for 20 to 40 years, with an average of 32 years). There was np evidence 
of cardiac decompensation in these patients at the time of the studies of pulmonary 
function; however, there were 14 with definite electrocardiographic evidence of 
myocardial damage other than the typical right heart strain pattern. 


AGE RANGE - 


NUMBER OF CASES~ 


PERCENT OF CASES - - - ~ 46 


Chart 1—Degree of pulmenary emphysema in four age groups of 212 
anthracosilicosis. Note that over 70 per cent of the cases are in two age groups 
(40 to 60 years). Emphysema of a significant degree is represented below the 
heavy black line that transects the columns, and the percentage of cases in each 
group is shown by the figure just below the heavy black line and to the right of 
the column represented. Emphysema of an insignificant degree is represented by 
the portion above the b'ack line, and the percentage of cases in each group is 
indicated by the upper figure to the right of the column represented. Emphysema 
was more extensive in the older age groups, as shown by the upward slope of 
the black line. 


cases ol 


RESULTS 
Emphysema.—Residual air measurements were made on 212 patients 
with anthracosilicosis (180 anthracite and 32 bituminous coal miners). 
The degrees of emphysema were classified in five groups by expressing 


12. Theodos, P. A.; Gordon, B.; Lang, L. P., and Motley, H. L.: The Clini- 
cal Evaluation of Disability in Anthracosilicosis, to be published. Gordon and 
others.s» 
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the residual air as percentage of total lung volume. See table 2 for 
the classification used. The degrees of pulmonary emphysema present 
in different age groups appear in figure 1. All degrees of emphysema 
were found in all age groups, with a range for most of the patients 
between 40 and 65 years.* The emphysema was more extensive and of 
a greater degree in the older age groups (chart 1). The degree of 
emphysema was significant in 20 per cent of the patients under 40 years 
of age and in 78 per cent of patients over 60 years of age. In approxi- 
mately 30 per cent of all patients the degree of emphysema was not 


; 

2 

g 

| 

3 
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e 

4800 $400 
Chart 2.—Correlation of vital capacity and degree of pulmonary emphysema as 
indicated quantitatively by expressing the residual air as percentage of total lung 


volume. Note that the data on soft coal mikers (white circles) are similar to 
those of anthracite miners (black circles) and that the vital capacity decreases 
as the pulmonary emphysema increases. A vital capacity range of 2,000 to 3,000 
ec. may occur with no emphysema or with far advanced emphysema, and the wide 
individual variations present limit the usefulness of this measurement when used 
alone in evaluating pulmonary function. 


significant (residual air less than 35 per cent of total lung volume), 
as there was no mixing and diluting problem imposed by an increased 
volume of residual air. 

V entilation.—The correlation of vital capacity and emphysema shows 
in general that as vital capacity decreases emphysema increases (chart 2). 
Considered alone, vital capacity was unsatisfactory in evaluating pul- 
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monary function; that is, a vital capacity of 2,000 to 3,000 cc. may 
occur with no pulmonary emphysema or with far advanced emphy- 
sema. The percentage decrease of vital capacity from the predicted 
value may vary from 0 to 70 per cent in anthracosilicosis, and show poor 
correlation with the degree of emphysema.* 

The correlation of maximal breathing capacity (M.B.C.) and 
emphysema shows in general that if the maximal breathing capacity is 
less than 40 liters per minute, the degree of emphysema is significant, 
and insignificant if the maximal breathing capacity is over 100 liters per 


RESIDUAL AS PERCENT OF TOTAL LUNG VOLUME. 


« 
MAXIMAL BREATHING CAPACITY LITERS PER MINUTE 


Chart 3.—Correlation of maximal breathing capacity and degree of pulmonary 
emphysema. In general, as the maximal breathing capacity decreases the emphy- 
sema increases both for anthracite and bituminous miners and in a manner some- 
what similar to that noted for vital capacity. Compare the data on 19 medical 
students (20 to 30 years of age), used as controls, with an average maximal 
breathing capacity of 160 liters per minute and a residual air of only 19 per cent 
of total lung volume. 


minute (chart 3). Although maximal breathing capacity is a more 
valuable single measurement than vital capacity, there is still a border- 
line group of cases in which as a single measurement it is of limited 
value in determining disability. Normal control values for maximal 
breathing capacity (medical students 20 to 30 years of age) are shown 
in chart 3, with an average capacity of 161 liters per minute and an 
average volume of residual air only 19 per cent of the total lung volume 
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(the volume of residual air was less than 25 per cent of the total lung 


If the 19 medical students were to 


discontinue their studies and become coal miners, perhaps in 25 to 30 
years some of them would have a maximal breathing capacity of less 
than 40 liters per minute accompanied by a high degree of pulmonary 
emphysema. They would then be shown in the upper left hand corner 
on chart 3 instead of the lower right hand corner. 


ADVANCE D 
40 (6.0%) 


capacity 


RESIDUAL 


MAXIMAL BREATHING 
CAPACITY 


MODERATE 


Cases 


mi 


22 (04%) 


SCALE FOR RESIDUAL AIR 
AND VITAL CAPACITY ~ CC 


SCALE FOR MAXIMAL 


BREATHING CAPACIT 


zo 


other The maximal breathing capa 


tion was noted, namely: 


in proportion than the former 


ity 


dex reased 
increase of emphysema than did vital capacity 


Chart 4.—Values for residual air, vital capacity and maximal breathing capacity 
q compared with degree of emphysema. The data on a large series of cases revealed 
P good dorrelation between increase of residual air and decrease of vital capacity 
and maximal breathing capacity, on one hand, and increase of emphysema, on the 


more in proportion to the 


When the average measurements for residual air, vital capacity and 


were correlated with the degree of emphysema (chart 5). 


maximal breathing capacity from a large series of cases were related 
to the degree of emphysema, as shown in chart 4, an excellent correla- 
\s the residual air increased, the vital and 
the maximal breathing capacity decreased, the latter decreasing more 


Spirograms recorded with the special large metabolism apparatus 


\s the 
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degree of emphysema increases, expiratory time increases. Broncho- 
spasm can be demonstrated in almost every case of anthracosilicosis, as 
shown in chart 5, by measuring vital capacity and maximal breathing 
capacity immediately before and after a 10 minute period of intermittent 
positive pressure breathing combined with simultaneous nebulization of 


Chart 5.—Spirogram tracings recorded with a large metabolism apparatus (13.5 
liter capacity ) designed especially for measurements of maximal breathing capacity. 

A, spirogram of normal vital capacity and normal maximal breathing capacity 
(residual air, 18 per cent of total lung volume) 

B, spirogram of a patient with slight pulmonary emphysema (residual air, 31 
per cent of total lung volume). 

C, spirogram of patient with moderate pulmonary emphysema (residual air, 
40 per cent of total lung volume). Note that increasing the breathing rate from 
85 to 125 per minute increased the maximal breathing capacity 11 liters per 
minute. 

_ D, spirogram of a patient with far advanced pulmonary emphysema (residual 
air, 69 per cent of total lung volume) 

E, spirogram of a patient who had bilateral pulmonary tuberculosis with exten 
sive fibrosis (residual air, 56 per cent of total lung volume). Note the similarity 
of the effects of fibrosis in cases of anthracosilicosis and cases of pulmonary 
tuberculosis with similar degrees of emphysema : 

F, spirogram of a patient with advanced emphysema (residual air, 54 per cent 


of total lung volume) before and after a ten minute period of intermittent positive 


pressure breathing under the influence of a bronchodilator drug (vaponefrin®). 
The increase in both vital capacity and maximal breathing capacity demonstrates 
the presence of bronchospasm, a finding consistently demorstrated in all cases of 
anthracosilicosis so studied. 
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a bronchodilator drug (vaponefrin*)**; in 40 cases with all degrees 
of emphysema the average increase in maximal breathing capacity was 
21 liters per minute (a 23 per cent increase). The importance of 
obtaining graphic tracings of ventilation measurements is also demon- 
strated in chart 5. Varying the rate of breathing within limits increases 
the maximal breathing capacity, rate and depth of breathing having 
an optimal relationship which produces the highest value of maximal 
breathing capacity. It is frequently difficult to determine the influence 
of varying breathing rate and depth without graphic tracings. In gen- 


SUPPLEMEN- 30 
TAL 


20 


RESIDUAL 


Chart 6.—-The percentage changes in the various divisions of total lung volume 
correlated with the degrees of pulmonary emphysema from measurements in 100 
cases of anthracosilicosis. The number of cases in each group and the range of 
residual air percentage of total lung volume appear at the bottom and to the right 
of the column represented. Note that the increase in residual air occurs principally 


at the expense of complemental air. 


eral, if patients are unable to breathe at a rate of at least 70 per minute, 


the maximal breathing capacity is low. 
The percentage changes in the various divisions of total lung 
volume were correlated with the degrees of pulmonary emphysema as 


13. Motley, H. L.; Lang, L. P., and Gordon, B.: Use of Intermittent Positive 
Pressure Breathing Combined with Nebulization in Pulmonary Disease, Am. J. 


Med. 5:853, 1948. 
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shown in chart 6. The residual air percentage of total lung volume 
increases principally at the expense of the complemental air percentage 
of total lung volume; in other words, emphysema develops largely at 
the expense of complemental air. The average percentage proportion 
of total lung volume occupied by supplemental air (reserve) and tidal 
air remains fairly constant regardless of the degree of emphysema, there 
being only a slight tendency toward a reduction in these two measure- 
ments on a percentage basis with far advanced emphysema. The 
breathing reserve, as shown in chart 6, is very low in the group with 
far advanced pulmonary emphysema, because in these subjects the 
depth of breathing can be increased only slightly above that of the 
resting state. 


No correlation was noted between the degree of emphysema based 
on quantitative measurement of residual air and the roentgenographic 


Taste 3.—Degree of Pulmonary Emphysema Versus Roentgenologic Stage of 
Silicosis* 


Residual! Air 
% of Total Normal or 
Group Lung Volume Cases Borderline lst Stage 2d Stage 3d Stage 


10 
4 
8 
5 


3 
17.3 


* The classification of the stages of silicosis was similar to one previously reported © except 
that the designation “norma! or borderline’ was used if the fine mottling of the parenchyma 
was absent. 


stage of silicosis (table 3). In over one half of all cases the silicosis was 
classified as third stage, and the number of cases with third stage 
silicosis can be correlated with the number of cases in each group classi- 
fied with respect to the degree of emphysema present. Patients with 
far advanced emphysema may show no increased density on the roent- 
genogram which might be interpreted as silicosis.° Other patients with 
no increase in residual air roentgenologically exhibit third stage silicosis 
with conglomeration. 

The incidence of strain on the right side of the heart as manifest by 
electrocardiographic changes ** was studied. A significant correlation of 
the right heart strain pattern and degree of emphysema based on quantita- 
tive measurements of residual air was observed"® (table 4). Electrocardio- 

14. Katz, L. N.: Electrocardiography Including an Atlas of Electrocardio- 
grams, Philadelphia, Lea & Febiger, 1945 

15. Lang, L. P., and Motley, H. L.: Electrocardiographic Findings in Anthra- 
cosilicosis, Federation Proc. 8:91, 1949. 
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graphic study revealed no right heart strain pattern in 45 cases in 
which there was an insignificant degree of emphysema. In cases in 
which a significant degree of pulmonary emphysema was found, the 
incidence of strain on the right side of the heart increased with the degree 
emphysema (table 4). 

Respiratory Gas Exchange.—Emphysema due to an increased vol- 
ume of residual air presents a mixing and dilution problem for each 
breath of air inhaled, with a resulting decrease in the mean partial pres- 


sure of oxygen in the alveoli. Fibrosis interferes with the normal 
uniform aeration of alveoli to varying degrees, and this factor may 


operate even in the presence of a large increase of residual air. A focal 
type of emphysema which interferes with the normal gas exchange in 
the lungs of coal miners but gives only slight roentgenographic changes 
has been described.* 


The respiratory gas exchange was studied by analysis of the arterial 
blood gases and of the air breathed relative to the oxygen uptake and 


Paste 4.—Strain on the Right Side of the Heart in Relation to Degree 
of Emphysema 


Right Heart Strain 


: Degree of Emphysema Cases Number Per Cent 
5 None..., 16 0 
4 Slight... 0 0 

i Advanced 25 


the carbon dioxide output. Data on the respiratory gas exchange were 
obtained from 160 men suffering from anthracosilicosis, including 128 
anthracite and 32 bituminous miners (table 5.) Most of the patients 


had at rest an average arterial blood oxyg¢n saturation of 90 to 93 
per cent, regardless of the degree of emphysema, there being only a 
slight decrease in patients with far advanced emphysema. However, the 


exercising arterial oxygen saturation values were strikingly different 
from the resting values, and were correlated with the degrees of pul- 
monary emphysema. In patients with significant degrees of emphysema, 


the higher the degree of emphysema the greater the decrease of arterial 
oxygen saturation with exercise (chart 7). The exercise test produces 
a short period of acute hypoxia in most patients with advanced emphy- 


sema, and acute hypoxia, even that of short duration, produces an 


increase of pressure in the pulmonary arteries, a decrease of cardiac 
output and an increase of pulmonary vascular resistanee.'* The decrease 


in oxygen saturation of arterial blood with exercise is a highly significant 


16, Motley, H. L.; Cournand, A.; Werko, L., and Dresdale, D.: The Influ- 
ence of Short Periods of Induced Acute Anoxia upon Pulmonary Artery Pressures 
in Man, Am. J. Physiol. 150:315, 1947, 
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finding in evaluating disability, because the factors just now enumerated 
limit the magnitude of the increase of pulmonary blood flow during 
exercise and work. In some persons the oxygen saturation of arterial 
blood may be normal at rest and yet decrease as much as 10 to 15 per 


cent or more with slight exercise. 

The arterial oxygen partial pressure (pO,) was subnormal at rest 
in all groups, with a slightly greater decrease in patients with advanced 
and far advanced emphysema (table 5). The arterial partial pressure 
of carbon dioxide (pCO,) increased progressively as the emphysema 
increased, indicating the inability of patients with extensive emphysema 
due to increased residual air to blow off carbon dioxide adequately. 


DEGREE OF 
EMPHYSEMA NONE 


NO. OF CASES 11 
94 


@=AFTER SLIGHT EXERCISE 


ARTERIAL BLOOD OXYGEN SATURATION. 


blood 


Chart 7. 
emphysema both at rest and immediately after exercise 
uration of the arterial blood decreases progressively after slight exercise with 
- reases in the degree of emphysema, whereas the resting values show only slight 
changes. 


Oxygen saturation of arterial correlated with degree of 


Note that the oxygen sat- 


The alveolar oxygen partial pressure, as shown in table 5, 


was 
calculated indirectly by using the arterial carbon dioxide partial pressure 
and the respiratory quotient of the expired air.” 


This method uses 
the arterial blood to integrate all functioning alveoli in the determina- 
tion of the mean effective alveolar oxygen pressure. Repeated deter- 
minations in a number of cases of anthracosilicosis have demonstrated 
the reproducibility of the values obtained with this indirect method of 
determining the mean effective alveolar oxygen partial pressure. As 
the degree of emphysema increases, the alveolar oxygen partial pressure 
decreases (table 5). 


| 
4 
SLIGHT MODERATE ADVANCED «FAR 
25 30 16 18 
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The oxygen pressure gradients between the outside air and the 
arterial blood are shown in table 5. The aeration gradient was used 
to designate the difference of pressure in millimeters of mercury between 
the effective inspired oxygen partial pressure (pO,) and the mean 
alveolar oxygen partial pressure (pO,), and this gradient of pressure 
was correlated with the degree of emphysema. The transfer gradient 
was used to designate the difference between the mean alveolar oxygen 
partial pressure (pO,) and the arterial oxygen partial pressure (pO,) 
in millimeters of mercury. This transfer indicates the movement of 
oxygen as it passes in a gaseous state across the pulmonary membrane 
to combine with hemoglobin in the formation of the oxyhemoglobin 
carried in the liquid medium. As shown in table 5, the transfer gradient 


Tasie 5.—Data on the Respiratory Gas Exchange in 160 Cases of Anthracosilicosis 


Arterial Blood Gases 
A 


Air Breathed Hemoglobin 
Ventilation, Carbon With Oxygen, 
L. per Min Oxygen Dioxide per Cent Resting Effee Gradients 
per M* Removal, Addition, Content Partial tive Alve- 5 
B.S. Act per Cen per Cent Capacity Pressures, Tidal olar Mm. Hg. 
Degree of Exer Exer- Exer- | Exer- -—--~--— per Mm. Aera- Trans- 
Emphysema Cases Rest cise Rest cise Rest cise Rest cise pOs pOOs Cent Hg. tion fer 
34 $10 45 56 06 + 96+ 40 7 100 5 


None........ 
Slight.......... 
Moderate 


4.7 40 862.7 |93.9 


4.6 12.7 44 93.6 


AGvaneed.... .....ccvccee » 49 11.2 3.18 3.49 2.57 2.06 90.9 1 70 46 56 93 56 23 
! 

Far advanced........... 01 321 349 260 267 96 829 5 19 


*In this horizontal row the normal average values are given 


+t The volume is corrected to standard temperature-pressure, i. e., 0 C, and 70 mm, He 


was increased in all groups and was not correlated with the degree of 
emphysema; for example, the transfer gradient was larger in patients 
with no increased residual air than in patients with far advanced 
emphysema (22 mm. Hg., compared with 19 mm. Hg.). The increase 
in the transfer gradient may be due to (1) 


diffusion, because the 
pulmonary membrane presents increased resistance to the oxygen 


molecules moving across from the alveolus to the blood or (2) a diffi- 


culty of distribution, because of unequal alveolar aeration and perfusion. 


The evidence of all data obtained in this study indicates that the difficulty 


is almost entirely one of distribution. Studies carried out on over 


50 patients by using high and low levels of oxygenation indicate further 


that the problem is related to unequal alveolar aeration and perfusion, 


Fibrosis obliterates or impairs to varying degrees the movement of air 
in and out of the alveolar sacs, which, combined with loss of lung 
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elasticity and restriction of the movements of the respiratory muscles, 
particularly the movements of the diaphragm, accounts for the unequal 
alveolar aeration or the lack of uniform alveolar ventilation. Fibrosis 
also impairs the circulation factor, in some instances with complete 
obliteration of the alveolar blood flow, so that alveoli may be ventilated 
but not perfused, and hence this air movement contributes only to the 
increased dead space with a decrease of the ventilation efficiency. 
Fibrosis impairs both factors, aeration and perfusion, to varying 
degrees. When the patients were placed on low levels of oxygenation 
(oxygen percentage of air breathed, 11 to 12 per cent or 15 to 16 per 
cent) the transfer gradient was decreased. On the other hand, when 
the patients were allowed to breathe a high oxygen mixture (25 to 27 
per cent) the transfer gradient was increased. This method of dis- 
tinguishing between diffusion difficulty (membrane component) and 
distribution difficulty (venous admixture component) has been previ- 
ously discussed.’ The gradient changes are related to the shape of 
the oxyhemoglobin dissociation curve. Changes the reverse of those 
described would occur with high and low levels of oxygenation if the 
difficulty were a true diffusion impairment. Intermittent positive pres- 
sure breathing (I.P.P.B.) produces in most instances a lowering of 
the transfer gradient,’* even in the presence of an increased alveolar 
oxygen partial pressure (pO,) (due to hyperventilation). The decrease 
in the transfer gradient with such breathing can be explained on the 
basis of a more uniform alveolar aeration of those alveoli which are 
poorly ventilated on ambient breathing but still perfused with blood. 

The expired air was analyzed for the amount of oxygen removed 
(expressed as amount per cent) and the amount of carbon dioxide added 
(expressed as amount per cent). The gas value, expressed as amount 
per cent, removed or added has been used in recording this information, 
which pertains to the efficiency of ventilation with respect to oxygen 
consumption and carbon dioxide output and indicates in general. the 
relationship between perfusion and ventilation in the lung. If the amount 
of oxygen removed from the air breathed is 4.5 per cent and the amount 
of carbon dioxide added is 3.6 per cent then 45 cc. of oxygen is removed 
from, and 36 cc. of carbon dioxide is added to, each liter of air breathed 
per minute. From these data the respiratory quotient can be readily 
determined and the oxygen consumption and the carbon dioxide output 
expressed as described or as respiratory equivalents. The data in 
table 5 reveal that there is a lack of correlation between the degree of 

17. Lilienthal, J. L., Jr.; Riley, R. L.; Proemmel, D. D., and Franke, R. E.: 
An Experimental Analysis in Man of the Oxygen Pressure Gradient from Alveo- 
lar Air to Arterial Blood During Rest and Exercise at Sea Level and at Altitude, 
Am. J. Physiol. 147:199, 1946. 

18. Motley, H. L.; Lang, L. P:, and Gordon, B.: The Effect of Intermittent 
Positive Pressure Breathing on the Respiratory Gas Exchange, to be published. 
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emphysema and the percentages of oxygen removed from and carbon 
dioxide added to the air breathed. In most instances the percentage of 
oxygen removed from and the percentages of carbon dioxide added to 
the air breathed were below the normal values both at rest and during 
exercise. Since the efficiency of ventilation was reduced in anthracosili- 
cosis and the reduction was just as marked even in patients with no 
pulmonary emphysema, the percentage of oxygen removed and the per- 


centage of carbon dioxide added, the respiratory equivalents, are of 


limited value as single measurements in evaluating disability. Changes 


in the amount of carbon dioxide added to the air breathed varied in 


general as the oxygen removal values. There was no demonstrable 


evidence that the carbon dioxide values were of greater significance 


than the oxygen values either at rest or during exercise. 

The minute ventilation was increased in all cases, with nervousness 
and apprehension representing a big factor. There was no significant 
difference in the resting minute ventilation when an attempt was made 
to correlate this with the degree of emphysema.’ In patients with far 
advanced emphysema there was a small decrease in the average minute 
ventilation during mild exercise (12.0 to 10.5 liters per minute per 
square meter, B.S.A.). 

Dyspnea.—The duration of dyspnea following the mild exercise test 
(step-up) varied widely. When the values for the different groups 
based on degrees of emphysema were averaged, there was a progressive 
rise in the duration of dyspnea from about 1.5 minutes, in group 1, to 4 
minutes, in group 5, with far advanced emphysema, but the individual 
variations were extreme; '® for example, in the group with far advanced 
emphysema, dyspnea endured from 75 to 340 seconds. When the 
measurements of ventilation, residual air and distribution show slight 
to moderate involvement, a prolongation of dyspnea for 4 to 5 minutes 
indicates that the pulmonary circulation may be the primary factor 
producing disability. Further studies of this aspect are in progress, a 
treadmill being used to produce a steady state of exercise. Pulse and 


; respiratory rates and minute ventilation values with the step-up exer 
:, cise test were of limited aid in the evaluation of disability.°° Cournand 


and co-workers *® observed no significant correlation between the time 


required for the pulse rate to return to the resting value after exercise 


and the oxygen saturation of arterial blood or the total oxygen consump- 


tion. The method of recording the duration of dyspnea, based on the 


atient!s subjective reaction, has the limitations of interpretation present 
| I 


in all subjective tests. 


19. Motley, H. L.; Lang, L. P., and Gordon, B Studies on the Respiratory 


Gas Exchange in One Hundred Anthracite Coal Miners with Pulmonary Com 
plaints, Am. Rev. Tuberc., to be published 


20. Theodes and others.!? Motley and others.’* 
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CASE STUDIES 


The data, including complaints, results of studies of pulmonary 
function and interpretations, obtained in 5 representative cases in which 
the impairment of pulmonary function varied from slight to far advanced 
are presented. The complete series of physiologic measurements are 
given for each case (see cases 1 to 5), including both the observed and 
the predicted values. These data make possible the evaluation of pul- 
monary function with respect to the supplying of oxygen to the blood. 
Although wide individual variations were found, the over-all measure- 
ments of pulmonary function must be consistent with known physiologic 
principles ; for example, if the gradient of pressure for oxygen between 
the inspired air and the alveolus was markedly elevated (70 mm. Hg) 
and there was no increase in the residual air percentage of total lung 
volume, contradictions would be evident and errors indicated. All of 
the physiologic measurements must be consistent in a correlated manner, 
although certain individual measurements may vary widely. 

Anthracite Versus Bituminous Coal Miners.—The variations of the 
physiologic measurements of pulmonary function of the small number 
of bituminous coal miners (32) have been similar to those of the anthra- 
cite miners. Bituminous and anthracite coal miners with respiratory 
complaints cannot be identified on the basis of the physical and the 
roentgenologic examination and pulmonary function studies. 

Case 1—J. M., aged 44, an anthracite miner for 25 years. Complaints: dyspnea 
on effort; weakness; pain in upper part of chest; slight cough and expectoration, 
and loss of weight (10 pounds [4.5 Kg.]) during the past two years. Roentgeno- 
gram: second stage silicosis 


Pulmonary Function Studies: Observed Predicted 
1. Maximal breathing capacity, L./min. . 103 119 
2: Vital capacity, 4,270 4,29 
4. Residual air, per cent of total lung volume 20.4 25 
5. Ventilation, resting, L./min.............. yea 6.7 5.0 
6. Ventilation efficiency, O. uptake 

Rest, O2 removed from air breathed, per cent 3.3 4.5 

Exercise, O, removed from air breathed, per cent 3.8 5.5 
7. Oxygen saturation of arterial blood: 

Rest: CU 95 96-4 

8. Arterial pCO, rest, mm. Hg...... 42 40 
9. Arterial pOs, rest, mm. He : 82 95 
10. Alveolar pO., rest, mm. Hg..... . 107 100 
11. Mean gradient, pO», inspired air to alveolus, mm. Hg 43 50 
12. Mean gradient, pO., alveolus to arterial blood, mm. Hg 25 5 
13. Duration of dyspnea after exercise, sec ‘ aise 60 


Slight impairment of pulmonary function due to a decrease of oxygen uptake 
from inspired air, a slight decrease of oxygen saturation of arterial blood and a 
slight inequality of alveolar aeration and perfusion 
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Roentgenogram: third stage silicosis with extensiva conglomeration. 


Pr 


2 
3 


5. Ventilation efficiency, O, uptake: 


Case 2.—-C. H., aged 48, an anthracite miner for 28 years. 
slight dyspnea on effort; marked cough and expectoration; pain in upper part of 
chest. Roentgenogram: borderline stage of silicosis. 


Pulmonary Function Studies : Observed 
1. Maximal breathing capacity, L./min.................. 63 
4. Residual air, per cent of total lung volume.............. 39.6 
6. Ventilation efficiency, O, uptake: 

Rest, O2 removed from air breathed, per cent......... 37 

Exercise, ©, removed from air breathed, per cent..... 3.2 
7. Oxygen saturation of arterial blood: 

1G, Alvediar ret, mm. 102 
1]. Mean gradient, pO, inspired air to alveolus, mm. Hg..... 48 
12. Mean gradient, pOs, alveolus to arterial blood, mm. Hg.. «31 
13. Duration of dyspnea after exercise, s€C..........0.00005 125 
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Complaints : 


Predicted 
128 
4,440 
1,420 
25 
5.0 


4.5 
5.5 


96+ 
96+ 


60 


Moderate impairment of pulmonary function due to a moderate decrease of 
ventilation, a large increase of residual air produging moderate emphysema, a 
decrease of oxygen uptake from inspired air, arterial oxygen unsaturation, a 
decrease of arterial oxygen partial pressure (pO.), and moderate inequality of 
alveolar aeration and perfusion. 


Case 3.—J. B., aged 39, an anthracite miner for 27 years. Complaints: dyspnea, 
marked on effort; weakness; cough and expectoration, and hemoptysis twice. 


ilthonary Function Studies : 


Observed 
. Maximal breathing capacity, L./min.................46. 42 


Rest, Os removed from air breathed, per cknt........ 3.8 

Exercise, O, removed from air breathed, per cent..... 2.5 
7. Oxygen saturation of arterial blood: 

11. Mean gradient, pO, inspired air to alveolus, mm. Hg... 68 


12 


13. 


pe 


Mean gradient, pOs, alveolus to arterial blood, mm. Hg.. 23 


Duration of dyspnea after exercise, sec 


Predicted 
120 
4,100 
1,320 


60 


Advanced impairment of pulmonary ftunction due to a marked decrease of ven- 
tilation, advanced pulmonary emphysema, a decrease of oxygen uptake from air 
breathed, arterial oxygen unsaturation and inequality of alveolar aeration and 


rfusion, 


95 
i 100 
50 
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ot } 4. Residual air, per cent of total lung volume............. 48.8 25 
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Case 4—R. W., aged 60, an anthracite miner for 40 years. Complaints: 
marked dyspnea on effort; slight cough and expectoration; moderate weakness ; 
occasional slight hemoptysis, and substernal pain in the chest. Stopped work 4 
years ago because of dyspnea. Physical examination disclosed no cardiac involve- 
ment. Roentgenogram: third stage silicosis with conglomeration. 

Pulmonary Function Studies : Observed Predicted 


. Maximal breathing capacity, L./min %6 
. Vital capacity, cc 4,180 
. Residual air, cc 1,430 
. Residual air, per cent of total lung volume............. 34.0 25 
. Ventilation, resting, L./min ; 5.0 
. Ventilation efficiency, O, uptake: 


Rest, Os removed from air breathed, per cent 
Exercise, O; removed from air breathed, per cent 
. Oxygen saturation of arterial blood: 
Rest, per cent 
Exercise, per cent 
. Arterial pCOs, rest, mm. Hg 
. Arterial pO., rest, mm. Hg 
10. Alveolar pOs, rest, mm. Hg 
11. Mean gradient, pO, inspired air to alveolus, mm. Hg... 
12. Mean gradient, pOz, alveolus to arterial blood, mm. Hg. 
13. Duration of dyspnea after exercise, sec 

Advanced impairment of pulmonary function due to a decrease of vital capacity, 
definite inefficiency of oxygen uptake from air breathed, arterial blood oxygen 
unsaturation, low arterial oxygen partial pressure (pO.) and marked inequality of 
alveolar aeration and perfusion. The major factors are related to reduction of 
vital capacity and impairment of distribution rather than to emphysema and reduc- 
tion of maximal breathing capacity. 

Case 5.—J. B., aged 63, an anthracite miner for 43 years. Complaints: severe 
dyspnea and weakness; slight cough and expectoration; loss of weight (55 pounds 
[25 Kg.]). Roentgenogram: third stage silicosis with conglomeration. 
Pulmonary Function Studies: Observed Predicted 

1. Maximal breathing capacity, L./min 

. Vital capacity, 

. Residual air, cc 

. Residual air, per cent of total lung volume............. 59.0 

. Ventilation, resting, L./min 

. Ventilation efficiency, O. uptake : 

Rest, O2 removed from air breathed, per cent 

Exercise, O2 removed from air breathed, per cent 
. Oxygen saturation of arterial blood: 

Rest, per cent 

Exercise, per cent 

. Arterial pCO:, rest, mm. Hg 

. Arterial pOs, rest, mm. Hg 

. Alveolar pO:, rest, mm. Hg 

. Mean gradient, pOs, inspired air to alveolus, mm. Hg.... 

. Mean gradient, pO:, alveolus to arterial blood, mm. Hg. 

. Duration of dyspnea after exercise, sec 
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Far advanced impairment of pulmonary function due to a marked decrease of 
ventilation, far advanced pulmonary emphysema, a decrease of oxygen uptake 
from inspired air, pronounced arterial blood oxygen unsaturation and inequality 


of alveolar aeration and perfusion. 


COMMENT 

The impairment of pulmonary function was evaluated on the basis 
of physiologic measurement of the ability of the organism to transport 
oxygen into, and remove carbon dioxide from, the blood during rest 
and exercise, breathing air. The data may be grouped under four main 
headings: (1) degrees of emphysema (quantitative measurements were 
made of residual air and the amounts expressed as percentages of total 
lung volume), (2) ventilation measurements (maximal breathing 
capacity and vital capacity), (3) ventilation efficiency (amount of 
oxygen taken from, and amount of carbon dioxide added to, the air 
breathed) and (4) impairment of distribution due to inequality of 
alveolar aeration and perfusion with a decrease in arterial oxygen par- 
tial pressure and percentage oxygen saturation. The wide individual 
variations of the four factors which may contribute singly or in combina- 
tion to impair oxygen transport are well illustrated in the material 
presented. The significance of any one test in evaluating pulmonary 
function is obviously limited, for such a single test would have to 
integrate accurately all the variables. See eh 8. 

The somewhat arbitrary classification of the degrees of emphysema 
(table 2) has prbpved satisfactory for grouping the cases for study and 
analysis of the data as shown by the close correlation with other meas- 
urements altered by an increase of the volume of residual air, naniely : 
vital capacity, maximal breathing capacity, effective tidal air, alveolar 
oxygen partial pressure (pO,), arterial carbon dioxide partial pressure 
(pCO,) and mean oxygen partial pressure gradient between inspired 
air and alveoli. This classification of degrees of emphysema is a physio- 
logic one based on the relationship of the volume of residual air to the 
nuxing and dilution factor with respect to vital capacity and total lung 
volume.® In anthracosilicosis all degrees of emphysema occur in all 
age groups, and apparently no correlation exists between the roentgen- 
ographic stage of silicosis and the degree of emphysema. In about 30 
per cent of the cases the emphysema was not a significant factor in pro 
ducing the pulmonary impairment. Although the residual air was 
increased in some patients, there was slight disability, since the vital 
capacity was good and compensation was maintained by hyperventila 
tion, and the dyspnea level was not reached by these subjects even with 
mild exercise. An increased volume of residual air constitutes a poten- 
tial hazard in the presence of infections of the upper respiratory tract 
or increased bronchospasm, as both conditions limit the amount of 
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hyperventilation possible without dyspnea and tend not only to incapaci- 
tate the patient during the attack but to prolong recovery. Emphysema 
of a far advanced degree is disabling, and the evaluation of the disability 
may be made on this measurement, which actually involves two deter- 
minations (residual air and vital capacity). The determination of the 
degree of emphysema is one of the most important phases of the 
evaluation of disability. 

Vital capacity and maximal breathing capacity are the two most 
important ventilation measurements. Vital capacity in general 
decreases as emphysema increases, but the wide individual variations 
limit the usefulness of this measurement used alone in evaluating pul- 


OXYGEN IN INSPIRED AIR 
MM HG 
QVENTILATION QVENTILATION DISTRIBUTION 
DEGREE OF UNEQUAL 
AND PERFUSION 


-« CAPACITY & AMOUNT OF OXYGEN MEAN PRESSURE 


MARIMAL BREATHING OXYGEN UPTAKE GRADIENT - ALVEOLUS TO 
CAPACITY ARTERIAL BLOOD 


OXYGEN PULMONARY 
CAPILLARY BLOOD 


MM HG 
HYPERVENTILATION INTERMITTENT POSITIVE | 


@ PYLMONARY CIRCULATION 
() PULMONARY ARTERY PRESSURE 
@XCARDIAC OUTPUT 
VASCULAR RESIS TANCE 


COMPENSATORY PRESSURE BREATHING 


TREATMENT 


OXYGEN TO TISSUES. 


REST - EXERCISE 


Chart 8—A schematic diagram of the factors which may interfere with the 
mechanism by which an adequate supply of oxygen is transported to the blood 
and tissues, and the physiologic measurements necessary for evaluating the degree 
of impairment. Hyperventilation is a compensatory mechanism, and intermittent 
positive pressure breathing is a method of treatment 


monary function unless the values are extremes, low (1,500 cc. or less) 
or high (4,000 cc. or more). A vital capacity of 2,000 to 3,000 cc. may 
exist with no emphysema and with far advanced emphysema. Although 
maximal breathing capacity was related to degree of emphysema in a 
manner similar to the correlation between vital capacity and degree of 
emphysema, the useful range of maximal breathing capacity employed 
as an isolated test was greater, with some additional value for screening 
procedures. In general, if the maximal breathing capacity was less 


than 40 liters per minute, emphysema of a significant amount was pres- 
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ent, and if the maximal breathing capacity was over 100 liters per 
minute, the impairment was not due to emphysema. However, in the 
group of patients with maximal breathing capacities of from 40 to 100 
liters per minute, the emphysema measurement alone was of limited 
value, The routine of using the maximal breathing capacity with the 
roentgenogram of the chest should enhance the efficiency of the search 
for early evidence of silicosis, including loss of lung elasticity and fibrotic 
changes.° 

The ventilation efficiency of the lung as measured by the oxygen 
uptake and the carbon dioxide output has a restricted application in the 
evaluation of the impairment of pulmonary function in anthracosilicosis, 
because in general the values are lowered in all cases with wide indi- 
vidual variations and only a slight average difference exists between 
degrees of impairment of pulmonary function. If the oxygen uptake 
decreases sharply with exercise, it becomes significant for the individual 
case, but provides slight information as to the nature of the impairment 
other than that a disproportion exists between ventilation and perfusion. 
The oxygen uptake and the carbon dioxide output are useful when 
evaluated with the other factors, but they should not be used alone. 

The distribution of the air breathed into the lungs is one of the out- 
standing factors involved in anthracosilicosis, and the impairment results 
from the inequality of alveolar aeration and perfusion due to fibrotic 
changes. Although the alveoli distended with an increased volume of 
air may be described as bullous, terminal or focal* emphysema, the 
impairment of pulmonary function results primarily from the unequal 
alveolar aeration and perfusion (poor distribution) rather than from 
the mixing and dilution factor imposed by an increased volume of 
residual air. The distribution factor is independent of the degree of 
emphysema (increased residual air percentage of total lung volume) 
occurring in all groups and is without any apparent correlation with 
the roentgenographic stage of silicosis. Chronic tracheobronchitis has 
been a consistent finding in most cases in which a bronchoscopic exam- 
ination was made, and this condition combined with bronchospasm 
further interferes with the uniform aeration of alveoli. Inadequate dis- 
tribution of air lowers the arterial oxygen partial pressure and the 
percentage oxygen saturation of arterial blood due to the large drop in 
oxygen partial pressure between the alveolus and the arterial blood. 

In most cases the resting oxygen saturation of arterial blood was 
moderately reduced, but the reduction was poorly correlated with 
impairment of pulmonary function. Due to the wide individual varia- 
tions, accompanied by only slight average changes, a single measurement 
of resting oxygen saturation of arterial blood has but limited value, 
unless the saturation is strikingly reduced. On the other hand, values 
obtained after mild exercise revealed significant differences with respect 
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to disability and the degree of emphysema. The change in oxygen 
saturation of arterial blood with exercise was very significant in evalu- 
ating pulmonary function, and in general correlated closely with the 
degree of emphysema except in a few instances in which the oxygen 
saturation of arterial blood increased slightly after exercise even in the 
presence of extensive emphysema, and in other cases in which there 
was a definite inequality of alveolar aeration and perfusion but no 
increase in residual air. There was no apparent means of predicting 
in advance what would happen to the oxygen saturation of arterial 
blood with exercise. The effect of breathing 99.7 per cent oxygen on 
the saturation has been determined in questionable cases of con- 
genital shunts. Studies on the pulmonary circulation during exercise 
reveal definite abnormalities in chronic pulmonary disease,** with a 
rise in blood pressure in the pulmonary arteries and an increase in 
pulmonary vascular resistance, compared wjth unchanged or lowered 
pressures in these arteries during exercise in normal subjects.** 
Anoxia may contribute to the elevation of blood pressure in the pulmon- 
ary arteries in patients with a greater degree of arterial oxygen unsatura- 
tion during exercise.”* 


The arterial oxygen partial pressure was decreased in most cases, 
with only a slightly greater average fall as the emphysema increased. 
The factor of impaired distribution may produce an increased mean 


gradient of pressure for oxygen between the alveoli and the arterial 
blood as high as 50 mm. of mercury (normal, 5 mm.). The arterial 
oxygen partial pressure was a more sensitive index of early changes 
than the percentage saturation due to the wider spread over the upper 
flat portion of the oxyhemoglobin dissociation curve. The arterial car- 
bon dioxide partial pressure values were correlated with the degrees of 
emphysema, as shown by the decreased ability to blow off carbon dioxide 
in the presence of increased residual air, although in a few patients the 
hyperventilation was of sufficient magnitude to lower the carbon dioxide 
partial pressure to less than the normal value of 40 mm. of mercury. 

No correlation was apparent between the roentgenographic stage 
of silicosis and the electrocardiographic changes. However, a relation- 
ship was observed between the incidence of strain on the right side of the 
heart and degree of emphysema. In general the lower the resting mean 


21. Riley, R. L.; Himmelstein, A.; Motley, H. L.; Weiner, H. M., and 
Cournand, A.: Studies of the Pulmonary Circulation at Rest and During Exer- 
cise in Normal Individuals and in Patients with Chronic Pulmonary Disease, Am. 
J. Physiol. 152:372, 1948. 

2. Hickman, B., and Cargill, W. H.: Effect of Exercise on Cardiac Output 
and Pulmonary Arterial Pressure in Normal Persons and in Patients with Cardio- 
vascular Disease and Pulmonary Emphysema, J. Clin. Investigation 27:10, 1948. 
Riley and others.** 
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arterial oxygen pressure, the higher the incidence of strain on the right 
side of the heart ; however, short periods of induced acute hypoxia pro- 
duced minimal electrocardiographic changes. Although the correlation 
of emphysema and strain on the right side of the heart was good, the 
typical electrocardiographic findings are often absent, even in cases with 
far advanced emphysema. 

At the present time studies are being extended to include the pul- 
monary circulation factor of anthracosilicosis, with measurements being 


made of pulmonary artery blood pressure and cardiac output and calcu- 
lations of pulmonary vascular resistance. The pulmonary artery blood 


pressure may or may not be elevated at rest in chronic pulmonary dis- 
‘ ease,*’ but with exercise the increase of cardiac output may be much 
less than that normally expected, the pulmonary artery blood pressure 
is elevated and the pulmonary vascular resistance is increased—hemo- 
dynamic changes which limit the amount of oxygen transported to the 
tissues and the amount of carbon dioxide removed. The latter reduction 


may be the major factor responsible for disability in some patients. A 
prolongation of dyspnea (four to five minutes) following the one minute 
step-up exercise indicates that abnormality of the pulmonary circula- 
tion may be the primary factor producing disability when measurements 
of ventilation, residual air and distribution show slight to moderate 
involvement. 


TREATMENT 


In the attempt to provide subjective relief in patients with anthra 
cosilicosis the most effective treatment has been the simultaneous use 
of intermittent positive ptessure breathing and nebulization of broncho- 
dilator drugs (vaponefrin” or isuprel*).** This treatment promotes 


bronchial drainage, provides a more uniform distribution of aerosols, 
with increased effectiveness of the bronchodilator drugs in relieving 
bronchospasm, and provides a breathing exercise improving muscle tone. 
The data obtained from physiologic studies with intermittent positive 


ressure breathing indicate that the increase in oxygen saturation of 
g Vi 


arterial blood and the decrease in the mean oxygen pressure gradient 
from alveoli to arterial blood in breathing air result from a more uni 
form aeration of alveoli in which the ventilation impaired by mechanical 


obstruction from fibrosis and loss of elasticity was further hampered 


y bronchospasm 


SUMMARY AND CONCLUSIONS 


1. The degree of emphysema as measured by expressing residual air 


as percentage of total lung volume is a very significant measurement 


n the evaluation of disability, and if the residual air is markedly 
increased, this factor alone may be adequate to produce complete dis- 
ability for work requiring increased consumption of oxygen. 


24. Gordon and others.5> Motley and others.13 
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2. In general, as the residual air and the emphysema increase, the 
maximal breathing capacity and the vital capacity decrease. As single 
measurements, maximal breathing capacity and vital capacity are of 
limited use in the evaluation of pulmonary function. Maximal breathing 
capacity may be used in screening tests for detecting early evidence of 
fibrosis with loss of lung elasticity. 

3. A sharp decrease in the oxygen saturation of arterial blood with 
mild exercise is a second very significant measurement in the evaluation 
of disability, for it indicates a greater disproportion between the ventila- 
tion and perfusion ratios when the consumption of oxygen is increased 
by work. The respiratory gas exchange measurements may be essentially 
normal at rest and yet show during exercise gross abnormalities. 

4. In approximately 30 per cent of the cases of anthracosilicosis the 
residual air percentage of total lung volume was within the normal range. 
The disability present in these cases resulted from the fibrosis and the 
accompanying inequality of alveolar aeration and perfusion which 
decreases the amount of oxygen reaching the arterial blood (the distri- 
bution factor). The distribution factor was present in most cases of 
anthracosilicosis, regardless of the degree of emphysema. The present 
studies indicate that for the most part the difficulty of the transfer of 
gases between the alveoli and the blood results from poor distribution, 
rather than from a true difficulty of diffusion with increased resistance 
of the pulmonary membrane. 

5. The percentage of oxygen taken from, and the percentage of 
carbon dioxide added to, the air breathed are helpful in the over-all 
evaluation of the impairment present, but have slight value as single 
measurements. 

6. Strain on the right side of the heart as indicated by electrocardio- 
graphic changes is found only in cases with a significant degree of 
emphysema, and as the degree of emphysema increases, a greater 
incidence of the strain is noted. 

7. There is no apparent correlation between the roentgenographic 
stage of silicosis and the degree of impairment of pulmonary function 
in many cases. In some cases extensive effects of anthracosilicosis were 
visualized on the roentgenogram when pulmonary function was only 
slightly involved, while in other cases with minimal roentgenologic 
changes the pulmonary function was greatly altered. 

8. An accurate evaluation of the degree of impairment of pulmonary 
function requires measurements of ventilation, residual air, oxygen 
uptake from the air breathed, oxygen saturation of arterial blood and 
pulmonary circulation. The wide individual variations encountered in 
these determinations preclude the using of any one single measurement 
as satisfactory for the appraisal of disability in all types of cases. 
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ABSTRACT OF DISCUSSION 

De. Roserr Bruce, Rochester, N. Y.: Dr. Motley’s survey of coal miner’s 
pneumonoconiosis represents a significant contribution about chronic pulmonary 
disease in general, as well as about the features pertinent to coal miners in par- 
ticular. There is no satisfactory correlation between the roentgenologic appearance 
and the degree of emphysema contributing to the functional impairment. The 
classification of emphysema according to the percentage ratios of residual air to 
total capacity has practical value. We, too, believe that determining the proportion 
of the residual air has more practical value in the evaluation of disability than 
determining either the vital capacity or the maximum breathing capacity as single 
isolated testing procedures, The relationship of the percentage of residual air 
to the arterial blood gases during rest is a further confirmation of the work reported 
by Hurtado, Kaltrider and McCann in 1935; the greater changes observed after 
exercise of short duration have practical value in revealing failure of heart and 
lungs to meet adequately the metabolic demands placed on them. It is unfortunate 
that exercise of such short duration has been employed, since it takes three 
minutes for normal persons to adapt to the stress of exercise; when longer 
periods of exercise are observed, more satisfactory data can be obtained. Even so, 
Dr. Motley finds that the volumes! per cent of oxygen absorbed during exercise 
become progressively less, and the changes of respiratory quotient from rest to 
exercise less pronounced as the degree of emphysema increases. This is in accord 
with the findings of Pelnar in Czechoslovakia as well as with our own. We are 
inclined to attribute much more significance to the respiratory efficiency than does 
Dr. Motley. He may well modify his opinion when he employs treadmill exercise 
as we do. The central point of physiologic interest in these studies is an attempt 
to better understand alveolar gas exchange. This problem is one of considerable 
current interest as well as friendly controversy about definitions, technics and 
interpretations. Riley and Lilienthal have provided a means of estimating the 
ideal alveolar pO, (oxygen concentration expressed in terms of pressure) provided, 
of course, that there is no difference in pCO, between alveolar air and mixed arterial 
blood. Recently Rahn further extended Fenn’s alveolar ventilation equations 
and integrated them with the Fick principle to provide the theoretic means of 
mathematically relating such pertinent variables as the alveolar pCO:, respiratory 
quotient, alveolar ventilation, cardiac output and arteriovenous oxygen differences. 
We have been interested to ascertain correlations between residual air, arterial 
gas composition and various gradients, and we have further adopted Rahn’s method 
of continuous alveolar gas sampling. Whereas the ideal alveolar pO, calculated 
from Riley’s formula progressively decreases with increasing residual air, our 
observed values show the opposite tendency to increase. This discrepancy is 
the net result of the air’s coming from normally functioning alveoli as well as 
abnormally functioning alveoli, and in my opinion this observed pO, affords a 
better appraisal of the over-all pulmonary function. Statistical analyses of such 


data have shown that arterial pO, correlates better with observed gradients than 
with those derived from calculation of the ideal alveolar pO, and that the estimations 
of the tracheobronchial dead space appear much more reasonable than those based 
on ideal alveolar pO, values. The latter represent the dead space of the tracheo- 
bronchial tree plus the volume of nonfunctioning alveoli. We are indebted to 
Dr. Motley for his excellent analysis of this interesting subject based on a large 
experience of a rather homogeneous group of patients. His ideas about treat- 
ment are most welcome, and we shall await the results of this program with 
interest. 
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Dr. J. J. Burrascano, New York: I am aware that in some cases of 
anthracosilicosis and other occupational diseases there is emphysema, which pro- 
duces a certain disability and a certain degree of pulmonary deficiency, but I do 
not think that the pulmonary emphysema ard the occupational disease are alone 
responsible for this reduced function. There is an added bronchial infection, as 
evidenced subjectively by cough, and objectively by pus cells and bacilli in the 
sputum. If the bronchial tree is rid of this infection, and the air passages are 
rendered freer, better ventilation, and therefore better functional results, will be 
obtained. For instance, if in a given case of bronchopulmonary disease, in which 
the patient has a productive cough and the sputum contains pus cells and gram- 
positive bacilli, a course of penicillin is administered, both intramuscularly and by 
aerosol, the cough and the dyspnea will be reduced. On repeating the functional 
studies at this time, one should necessarily observe less impairment. The patient 
will also be less disabled and will have a better earning capacity. 

Dr. Hurtey L. Mottey, Philadephia: I thank Dr. Bruce for his excellent 
critical review of this paper. The classification of emphysema is an arbitrary one 
based on quantitative measurements, which can be repeated and correlated with 
other measurements. Thirty-five per cent is considered the upper limit of normal 
for the residual air percentage of total lung volume in all types of patients. In 
a group of 20 normal controls 20 to 30 years of age, the residual air average was 
19 per cent of the total lung volume (range 10.5 to 24.2 per cent). The relation- 
ship between ventilation efficiency of the lung (as measured by the percentage of 
oxygen removed and the percentage of carbon dioxide added to the air breathed) 
and the degree of pulmonary emphysema revealed the lack of correlation between 
the degrees of emphysema, oxygen removal and carbon dioxide addition. Measure- 
ments of the amount of carbon dioxide removed from the blood were more or 
less parallel with those noted for oxygen, both during rest and exercise, and 
there was no evidence that the carbon dioxide values were more significant. The 
oxygen uptake and carbon dioxide output determinations were useful for evaluation 
with other tests, but these measurements were inadequate when used alone. Wich 
respect to Dr. Bruce’s discussion on the alveolar pO, value in the nonperfused 
alveolus, a higher or a lower figure might be used, for the value I think, varies, 
depending on the location and the fibrosis and obstruction present. If the residual 
air is increased to as much as 60 or 70 per cent of total lung volume, producing an 
advanced degree of pulmonary emphysema, a severe degree of disability exists with 
respect to doing work that requires increased oxygen consumption. Hyper- 
ventilation is the compensatory mechanism in emphysema, but if the maximal 
breathing capacity is reduced, compensation for the functional impairment is 
limited and the emphysema is disabling. The maximal breathing capacity is usually 
decreased as the emphysema’ increases. An increase of residual air is a potential 
hazard, for a patient normally comfortable at rest may be completely incapacitated 
with an infection of the upper respiratory tract by which ventilation is further 
restricted. Emphysematous patients with secondary infections have been studied 
both before and after being treated with sulfonamide compounds and antibiotics. 
If the residual air was increased before treatment, it was still increased after treat- 
ment, and decrease when observed was of small magnitude. 
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HEALTH SERVICE FOR HOSPITAL PERSONNEL 


JOSEPH G. NORBY, A.B., LL.D. 
Superintendent, Columbia Hospital 
MILWAUKEE 


HE HOSPITAL is coming to be the recognized health center of 

the community or that part of the community which it serves. It 
influences the quality of medical care which is delivered withir walls 
and, indirectly, the medical care which the entire communit_ joys: 
the 10 per cent in the hospital and the 90 per cent at home or elsewhere. 


IMPORTANCE TO COMMUNITY AT LARGE 


The health of a community is the concern of all the people of that 
community. The agencies through which health care is secured are the 
medical profession and its subsidiary agencies ; hospitals, nursing services 
and other facilities. Communities have recognized this obligation and 
have set up health departments whose responsibility it is to safeguard 
the health of the citizens by means of broad general legislation affecting 
sanitation and other public health measures. These regulations are 
necessarily broad and general in their application; i. e., they include 
water, sewage disposal, housing, quarantine, etc. These apply to the 
community as a whole and thus indirectly affect the members of it. 


INDUSTRY AND HOSPITALS 


Within the aforementioned structure are compact groups of employed 
people. Here the problem is one that affects both the employer and the 
employee. 

We have heard much of what industry is doing to safeguard the 
health of its employees. We know, of course, that industry is not wholly 
altruistic in its interest, although enlightened industrialists are interested 
from strictly humanitarian angles, too, but they recognize primarily the 
tremendous economic waste that accompanies widespread ill health 
among their employees. The employee is affected in much the same 
way that his. employer is. Ill health reduces his efficiency and conse- 
quently his earning ability. In addition, it reduces his usefulness to his 
community, impairs his vitality and shortens his working life. Hospitals 
are not essentially industrial organizations, but they partake of some 
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of the features that characterize industries. In common with industry 
they are large employers of people, but in addition they present certain 
employment hazards which are not common to other employing agencies. 
They <‘ffer from industry in that their primary purpose is to 
promote health. In addition to the personnel of a hospital there is the 
element of the patient who is involuntarily subjected to the ministrations 
of the personnel and by the very nature of things has the right to expect 
that he will be cared for by people free from contagious or other diseases. 

In the presence of what industry has done and is doing to safeguard 
the health of its people I fear that hospitals are lagging where they should 
be leaders. Few hospitals do anything at all to safeguard the health of 
their ersployees beyond making available to them the facilities of the 
institution. Scarcely any maintain a systematic and planned program 
starting with employment and ending with withdrawal, and yet they 
constantly present to the public the need for systematic and intelligent 
health regimens. This is an inconsistent attitude, which, I presume, is 
due to the fact that they have taken certain things for granted. However, 
the whole issue has come to the fore so much more prominently during 
the last few years that they cannot any longer fail to act and to take 
their proper place in the movement. 

In order to justify the time, effort and money involved in setting 
up a health program, administrators of hospitals will have to define 
to themselves and to those to whom they are responsible the reasons for 
and the advantages of such a program. 


REASONS FOR AND ADVANTAGES OF A HEALTH 


PROGRAM 


1. The first reason for the establishing and maintaining of a health 
program may frankly be stated to be economic. It has been estimated 
that from 2 to 5 per cent of the productivity of the hospital personnel 
is lost through absence caused by illness and the time consumed in the 
education of others for the work done by the absentees. Any reduction 
in this loss of time will be reflected in economic gain. 

2. The second is a corollary of the first and refers to efficiency of 
service. A substitute assigned to perform in behalf of a regular employee 
does not deliver with the same efficiency that the regular employee does. 
However, aside from the element of absenteeism, it must be emphasized 
that persons suffering from disability or illness will produce inferior work 
and less work and will reflect a morbid atmosphere which is not con- 
ducive to a good esprit de corps. 

3. A third reason is to establish public confidence. Knowledge on 
the part of the public that the employees of a hospital are under careful 
scrutiny as to health will lead to confidence and good will. Many of the 
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general employees of the hospital come in direct or indirect contact with 
the patients in the handling of diets, in the laundry or through the 
various processes of cleaning and other services that take place daily. 
An experience in which a patient is adversely affected by contact with 
contagion or ill health in the hospital may do incalculable harm and undo 
everything that has been sought through the operation of an elaborate 
and well conceived public relations program. Purely from the angle of 
public relations, then, a rigid health program is desirable. The hospital 
has the very special responsibility to the patient not to subject him to 
the additional hazard of infection passed on by employees who, because 
of carelessness, have not been checked. 

4. We may also argue that a health program is necessary in order 
that hospitals be consistent with their positions as health agencies. 
Hospitals, both directly and indirectly, stand for and advocate better 
health habits. They have concentrated within their walls all the facilities 
to provide health protection. The failure of a hospital to apply these to 
its own people may indicate a lack of sincerity on the part of those who 
are responsible for the administration of the hospital. 

5. And, finally, as the medium of charities, social service and benevo- 
lent activities the hospital surely owes its employees no less than com- 
mercial organizations are providing for their workers. 

The foregoing five arguments selected at random from a great many 
should justify the time, the effort and the expense involved in setting 
up a health service for hospital employees. 

After having explored the reasons why such a service should be 
established the next problem will be to determine : 


WHAT KIND OF PROGRAM SHOULD BE AT THE DISPOSAL 
OF THE PERSONNEL? 


The answer must be: Every kind of service which may be necessary 
for the prevention and the care of diseas¢ and the promotion of full 
mental and physical efficiency, and, in addition, a program of accident 
prevention. Before attempting to outline what such a program should 
be, let us examine briefly the special factors that affect the health of 
hospital employees. 

In any hospital patients are frequently found to be suffering with 
diseases of a communicable nature. These come in with their diseases 
diagnosed or undiagnosed, and regardless of whether the condition is 
known or not, the worker must perform his duties in the same effective 
way. He cannot shirk because a contagion happens to be present or 
because the nature of the case is unpleasant. A great deal of the work 
about the hospital requires shorter or longer periods of intensive effort : 
occasional periods of overtime are of necessity required. These demands 
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are extremely exhausting and tax the vitality of the worker to an unusual 
degree. In addition there are the usual hazards that attend occupations 
the range of which is almost coextensive with the entire range of activi- 
ties of commerce and industry. A large proportion of hospital employees 
are housed and maintained in dormitories, a fact which creates another 
control problem. 

Our program of service for personnel, in order to be adequate and 
thoroughgoing, therefore, divides itself naturally into three parts: 

1. Prevention 
2. Treatment 
3. Follow-up 

1. Under prevention we need to provide that each employee shall 
have a complete physical examination when he or she is employed and 
be given opportunity for reexamination as often as circumstances may 
warrant. 

Immunization and prophylaxis will be provided. Schick tests for 
diphtheria and Dick tests for scarlet fever should be done as a routine. 
Vaccination is checked. Mantoux tests are given without exception, a 
roentgen examination of the chest if the test is positive, and periodic 
rechecks of all positive reactors. 

The physical examination should be mandatory. The employee's 
name should not be placed on the payroll until evidence that the exami- 
nation has been made and the employee approved for his or her assign- 
ment has been filed with the office. 

The physical examination itself will be detailed, and results will be 
evaluated in relation to the services that are to be required of the 
employee. The examination should consist of a short family history, a 
personal history, a past medical history and a résumé of immunizations 
and tests that have been done in the past. Laboratory procedures to be 
done are urinalysis, hemoglobin determination, white blood cell counts 
and the Wassermann test. Cardiac conditions and blood pressure are 
closely noted. As stated, all employees are given the Mantoux test, and 
positive reactors are given roentgenologic study and rechecked at regular 
intervals. Food handlers are given special and additional attention. A 
recheck is provided periodically, the results of which are compared with 
those of the previous examination. Encouragement is given to make use 
of the service liberally. This makes possible the early discovery of 
contagion or other conditions that may develop subsequent to previous 
examinations. 

The health service will not be successful unless the personnel has full 
confidence in the purpose and the efficiency of the effort. Any suspicion 
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that the undertaking has an ulterior motive will effectively block its 
usefulness. Therefore, the administration of the service should be in the 
hands of a competent medical officer who is recognized for his compe- 
tency and who maintains regular office hours in a designated place, during 
which he is available for consultation. Records should be confidential, 
the same as the record of any private patient ; they should not be avail- 
able to prying eyes and may not even be made available to the lay 
administration, and certainly not to the general personnel. The assign- 
ment of these duties to a clinical resident gives valuable experience in 
practical health control, which adds materially to his training in the 
hospital. 

The examination is given to discover conditions that may exist or 
to assure the examiner of the nonexistence of adverse conditions. It is 
the obligation of the employer to provide working conditions that are 
conducive to good health and that reduce hazards to a minimum: proper 
hours, adequate and nourishing food, healthy living quarters. He will 
establish proper technics for the control of any contagious diseases that 
may be present in the hospital; he will provide necessary safety devices 
where machines are used or where a special hazard of accident exists. 

2. The health officer does not treat the employee beyond first aid or 
beyond the point of physical examination. If more is required, the 
patient should be urged to consult his family physician or make a choice 
of his own; however, treatment should be assured. Opportunity for 
obtaining medical service should be easily available, and hospitalization 
should be guaranteed through insurance or some other source. 

3. Each employee leaving duty because i illness should be seen by 
the health officer and seen again before returning to duty. A certificate 
of recovery is issued by the physician at this time, which reestablishes 
pay roll status. | 

In order to keep the personnel health conscious, the health officer 
periodically posts bulletins on a board specially provided for the purpose. 
These bulletins call attention to health hazards due to season, presence 
of any contagious disease in the community, dietetic service, etc. Bul- 
‘Jetins are changed frequently, and only one is left on the board at a 
time. Clear directions concerning the use of the service are posted, as 
well as the lacation of the office and the name of the medical officer. 
Close contact is maintained with the heads of departments at all times 
and likewise with the administrative head of the hospital. Every effort 
is sought to make the health service a natural and normal function of the 
institution, and to establish the habit and feeling among employees that 
maintaining good health is as normal as satisfying the appetite or carry- 
ing out one’s assignment of duties. 
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WHAT SORT OF MACHINERY IS NECESSARY TO PROVIDE THE 
PROGRAM DESCRIBED? 


At the outset it should be said that little added expense is entailed 
in the establishment of a health service for personnel. However, con- 
siderable educational and administrative activity are involved. 

First the governing board must understand and approve. The 
board should be easily appealed to by the weight of the five points recited 
at the outset of this discussion. The main responsibility of successful 
operation falls on the medical staff and the administration. 

The medical staff will usually support any sane public health measure, 

such as the one with which we are concerned. Its sustained interest is, 
however, of the most vital importance. If the hospital maintains an 
educational program involving resident training, the health program may 
be integrated with the educational program by assigning the administra- 
tion to a resident for a period of a year. In small hospitals without 
graduate house officers, the work can be organized through a staff com- 
mittee, and the service provided by rotation throughout the staff or 
attending physicians. In large institutions a physician may be employed 
on a full time basis. Consistent, careful and devoted administration by 
a physician is basic. 
CONCLUSIONS 
1. A health program for employees of the hospital is desirable (a) 
for economic reasons, (b) for public relations reasons, (c) for humani- 
tarian reasons and for the reason (d) that such a program would be 
consistent with the purpose of the hospital in the community. 

2. It must be adequate to support confidence and to bring about 
results. It must provide for (a) physical examinations, (>) immuni- 
zation and prophylaxis, (c) education, (d) rechecks and (e) accident 
control. 

3. It must lead the way to treatment and care that are in full harmony 
with the latest developments of therapeutics and hospital practice. 

4. It must be supported by the approval of the lay board and the 
active participation of the medical staff. 

5. It must be actively administered by a physician of ability. 

6. The confidence and voluntary participation of the personnel will be 
secured by the professional manner in which the work is done and the 
professional confidence that is maintained both in the establishing and 
the maintaining of the record. 

7. The successful operation of such a program in the hospital will, as 
stated previously, result in greater efficiency on the part of the employee, 
greater loyalty on the part of the employee, greater confidence of the 
public and consequent economic advantage. 
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CATARACT FROM INFRA-RED RAYS (GLASS 
WORKERS’ CATARACT) 


A Preliminary Study on Exposures 


KARL L. DUNN 
industrial Hygienist, Corning Glass Works 
CORNING, N. Y. 


HE HAND blowing and fabricating of glass is one of the oldest 
man-made occupations known. 

The invention of the blowpipe or blowiron, as it is now called, is 
generally assigned to the period 300 to 20 B. C. The method of pro- 
ducing hollow blown ware with the blowiron has remained virtually 
unchanged since the days of its invention by the Phoenicians.’ 

Because of the antiquity of the trade, hand glass working has been 
the subject of various myths, stories and traditional beliefs. 

One disease, which will now be reviewed,)is attributed by its very 
name to be peculiar to glass workers. That disease, included in practi- 
cally every workmen’s compensation law occupational disease schedule, 
is glass workers! or glass blowers’ cataract (cataract due to infra-red 
rays). 

Some years ago, when | was first assigned to the task of conducting 
a program of industrial hygiene for one of the largest of the glass- 
manufacturing concerns, I was) struck by the fact that the hand glass 
workers were being exposed to infra-red radiation in the classically 
described manner.* Contrary to general belief, not all hollow glassware 
is produced by machine methods even teday. Quite probably it will 
always be necessary to produce some hollow shapes in glass by hand 
blowing, because of the limitations of size, shape and demand of certain 
items. After observing the classic exposure, I asked the question 
how many cases of cataract had arisen in the company’s experience. 
The medical director and the company ophthalmologist indicated that 
neither of them had ever seen or heard of a cataract in a glass worker, 
and to bear out their statements we conducted a survey of the medical 

Read at the Tenth Annual Convention of the American Industrial Hygiene 
Association, Detroit, April 5, 1949. 

1, Phillips, C. J.: Glass: The Miracle Maker: Its History, Technology and 
Applications, New York, Pitman Publishing Corporation, 1941. 

2. Kober, G. M., and Hanson, W. C.: Diseases of Occupation and Vocational 
Hygiene, Philadelphia, P. Blakiston’s Son & Co., 1916. Kober, G. M., and Hay- 
hurst, FE. R.: Industrial Health, ibid., 1924 
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and compensation records that had been kept since 1921. To date the 
record remains the same. No claims of failing vision or ocular disorder 
in glass workers have been filed, nor have any visits been made to the 
company dispensary for such complaints. 

This experience has placed me in the dilemma occasionally experienced 
by the industrial hygienist who finds classic exposures that should pro- 
duce a specific complaint or disorder but fails to find cases to support 
his expectation. 

Confronted with this record of one company, at present approaching 
its one hundredth anniversary of glass production, whose medical and 
insurance records have been kept for nearly thirty years, we decided 
to conduct a brief inquiry into the origin of the term “glass workers’ 
cataract.” It was felt that in producing borosilicate glass products by 
hand methods this company certainly had the most intense radiation 
exposure that could be experienced in the hand-blown glass trade and 
that it might be possible to find something in the literature that would 
explain this absence of the classically described cataract. 

Because the various workmen’s compensation laws have their origin 
in British Common Law and because several writers on the classic 
disease described the original investigations as having been conducted in 
England and Germany, the writings on the disease were traced back 
to the minutes of the committee on compensation for industrial diseases 
of the British Home Office published in 1908.* Here, in the original 
testimony presented to both Houses of Parliament,‘ were found two 
conflicting lines of evidence. The side claiming that cataract occurs as 
an occupational entity based its arguments largely on findings in glass 
workers examined in several isolated glass plants. A high incidence of 
cataract was found in the groups examined. As evidence that intense 
infra-red radiation was the causative agent there was offered an article 
entitled “Bottle Finishers’ Cataract” by William Robinson, M.D., M.S., 
F.R.C.S., published in the British Medical Journal in 1903. The portion 


on the causation of the disease should be examined in its entirety to make 
the history of the disease clear, but the pertinent material is included in 
the following paragraph and in figure 1. 


The disease is undoubtedly due to the great light and heat of the furnace at 
which the bottle finisher works, but why does the mischief always begin at 
the posterior pole of the lens? The explanation I advance is as follows: 


1. The nodal point (which practically corresponds to the optical centre) is 
situated at the exact spot where the cataract begins, and here all the principal 


3. Minutes of Evidence of the Department Committee on Compensation for 
Industrial Diseases, His Majesty's Home Office, London, March 1908. 

4. Appendices to Report on Cataract in Glass Works, Factory Department, 
His Majesty’s Home Office, London, September 1907: (a) Robinson, W.: Bottle 
Finishers’ Cataract, Brit. M. J. 2:191 (Jan. 24) 1903. (b) Snell, S.: An Inquiry 
into the Alleged Frequency of Cataract in Bottle Makers, ibid. 1:8 (Jan.). 1907. 
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rays of the various pencils of rays falling on the lens cross and pass without 
refraction, so that this point of the lens receives the brunt of all the direct rays, 
harmful by their intensity and heat from the furnace, and is therefore the point 
first to suffer injury. (See figure 2.) 


The illustration of Robinson’s paper is shown in facsimile as figure 1 
(upper part) of this presentation. It is immediately apparent that the 
illustration and the concept are in error from the standpoint of elementary 
optics. The “pencils” or rays of light that Robinson described as causing 
the difficulty never cross at the posterior surface of a convex lens but, 
as one knows from fundamental physics, cross at a paint near the physical 


--Sector of opacity (Senile) 
_--Nuclear cataract (Senile) 


--Pesterior ) Bottle finishers’ 
cortical and secondary 
cataract) cataract 


Optice! center and site of 
sterior cortical cataract 
early stage of the disease) 


Fig. 1:—A facsimile of illustrations from Dr. William Robinson's paper on 
bottle finishers’ cataract.* 


center. In the case of the eye, there is a backward displacement of the 
nodal point, but this point does not coincide with the posterior surface 
of the lens.°. Robinson indicated, however, in his figure 1 that cataracts 
occurring in this location (the physical center) are not those found in 
glass workers but are of the character of those found in senile persons. 
As a matter of fact, he indicates quite clearly in his text that only 
cataracts occurring at the posterior surface of the lens can be classified 
as glass workers’ cataracts. It would seem more logical that cataracts 


5. Helmholtz, W. A.: Treatise on Physiological Optics, J. Optic. Sec. America 
1:96, 1924. 
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of the lens generated by infra-red radiation would appear in or near the 
anterior portions of the lens, where absorption of the rays is greatest, 
but Robinson indicated that such opacities are senile in character. 
Earlier in his discourse he further limited the disease, generally speaking, 
to workers in early life as follows: 

It [the disease] commences as often as not before the age of 50 years, and not 


uncommonly before the age of 40 even, whereas ordinary senile cataract is not 
often seen before the age of 50. 


In direct opposition to Robinson’s data are investigations conducted 
by Simeon Snell, F.R.C.S., Edin., professor of ophthalmology at the 
university in Sheffield, England. Snell’s report was presented without 
benefit of optical conjecture and agrees with the testimony of several 
glass workers of that period; likewise with the personnel records of 
several of the glass manufacturers who testified at the hearings as to 
the failure of the disease to appear in their factories. 

Snell found that the “gatherer” was the worker who suffered the 
inost intense exposure as opposed to Robinson, who insisted that the 
finisher of the bottles was the man who was most exposed. Snell's 
conclusions are summarized quite concisely : 

My investigation appears to me to justify, as far as this country is concerned, 
the conclusion to which my practice in a large bottle-making district had previously 
inclined me—that though, as in other trades, there are men engaged in the bottle 
trade who undoubtedly do suffer from cataract, and who come under treatment for 


it, there is not sufficient evidence to show that they are liable to the affection to 
such an extent as has been asserted. 


We can conclude only that Snell studied glass-working operations 
approximating our own, while Robinson observed glass-working con- 
ditions and optical principles with which we are totally unfamiliar. We 
cannot overlook the fact, however, that it was on Robinson's presenta- 
tion that the committee recommended to Parliament that the disease be 
scheduled as occupational in origin, and this point of view has subse- 
quently been copied into most of our state workmen’s compensation 
laws.® 

It has been suggested, since the initial studies on “glass workers’ 
cataract,” that ultraviolet radiation from the molten glass and furnaces 
contributes to the exposure of the worker.” It does not seem possible 
that the temperatures found even in the modern borosilicate glass tank 
furnace are high enough to generate appreciable ultraviolet radiation. 


Figures 2 and 3 illustrate this contention fairly well.* 


6. Second Report of the Departmental Committee on Compensation for 
Industrial Diseases, His Majesty’s Home Office, London, October 1908. 

7. Thygeson, P.: Crystalline Lens, Am. J. Ophth. 14:1293, 1941. 

8. Holliday, L. L.: Proportion of Energy Radiated by Incandescent Solids in 
Various Spectral Regions, J. Optic. Soc. America 17:335, 1928. 
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Fig. 3.—Percentages of radiant energy emitted in various spectral regions by 
a black body radiator at various temperatures.*® 
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In figure 2 it can be seen that even near ultraviolet radiation is not 
generated below 2,000 K. The operating temperature of the borosilicate 
glass tank furnace is well below this figure. The curves shown are 
for black body radiators, and it is felt that the data are quite applicable, 
as molten glass has been used in several instances as a standard black 
body radiation source.’ Figure 3 presents the point in a slightly different 
manner and demonstrates that objects at a temperature below 2,000 K. 
do not radiate wavelengths much shorter than 4,000 angstroms, at which 
wavelength the near ultraviolet radiation is generally conceded to end. 

There is, of course, no argument that objects at glass-working and 
glass-melting temperatures radiate at high levels in the visible and infra- 
red regions of the spectrum. 


Fig. 4—A glass-melting “pot furnace.” 


To illustrate our exposure experience several illustrations are pre- 
sented to clarify terminology and to bring out the fact that operations 
involving the hand working of low expansion borosilicate glasses are 
subject to much higher radiation intensities than those concerned with 
lead and lime glasses, which were probably the glasses being worked 
during the British parliamentary investigations. 

Figure 4 illustrates the traditional glass “pot furnace,” a large 
cylindric furnace in which several pots (or crucibles) are placed periph- 
erally to enable the manufacturer to melt several varieties of glass in 


9. Forsythe, W. E.: Measurement of Radiant Energy, National Research 
Council, Division of Physical Services, McGraw-Hill Book Company, 1937. 
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a single unit. With the advent of machine production of glassware and 
more efficient melting technics, this type of furnace is disappearing from 
glass factories. The average radiation from the opening of the “pots” 
in this furnace is 1.0 gram calory per square centimeter per minute, the 
measurement being taken at the eye position of a “gatherer” working at 
the furnace. 

Figure 5 is a schematic drawing illustrating the versatility of the 
modern, high temperature tank furnace used in the melting of boro- 
silicate glasses. As can be seen, the hand worker is still an important 
figure in producing shapes from these glasses. The various phases of 
hand production are quite clearly portrayed; the “gatherer,” the “ball 


Fig. 5—A schematic drawing of the operation) and use of a modern glass- 
melting “tank furnace.” 


maker,” the “finisher,” the “gaffer” or “blower,” the “mold holder” 
and the “shop boy” are all working on a unit that is simultaneously feed- 
ing glass to various automatic machines producing volume demand items. 
The radiation exposures of the eyes average nearly double those found 
in “pot” furnace operations and the units are easily the highest tempera- 
ture operating units known to present day mass production glass 
technology 

Each of the hand operations is presented in an illustration to demon- 
strate comparatively the exposures in high temperature tank furnaces as 
against the lower temperature, “soft” glass units. - 
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The first is the gatherer (fig. 6), whose duty it is to gather a mass 
of glass on the blowiron or punty for shaping. The process of gathering 
may be likened to winding thick molasses onto a spoon. Judgment and 
training enable the gatherer to remove quantities of glass from the pot 
or boot (the opening in the tank furnace) ranging from a few ounces 
in weight to as much as 20 pounds (9 Kg.) on a punty or as much as 100 
pounds (45.5 Kg.) on a blowiron, as required in the final shape. Our 


Fig. 6—A glass gatherer. 


data agree with Snell’s observation that this man receives one of the most 
intense eye exposures of hand glass workers. Among borosilicate 
workers, the intensity at eye level of the gatherer averages 2.0 gram 
calories per square centimeter per minute, while the soft glass worker 
is exposed to 1.0 gram calory per square centimeter per minute. 

The next operation is that of ball maker (fig. 7). This man forms 
the “gather” into such a shape as to allow it to be introduced again into 
the molten glass, to provide eventually a large enough blank to be blown 
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into a large object, such as an acid carboy or a section for a large com- 
mercial fractionation column. His exposure in borosilicate glass manu- 
facture averages 0.4 gram calory per square centimeter per minute, 
while that of the soft glass worker is 0.1. 

A figure is now introduced performing a task similar to the operation 
considered as most hazardous in the British report (fig. 8). While 
this man is not finishing bottles, he is “warming in” a glass object in a 
“glory hole” or reheating kiln to enable him to put finishing touches to 
the object after it has lost its initial heat, after being blown from the 
gather. His exposure is 2.4 gram calories per square centimeter per 


Fig. 7.—Glass ball making. 


minute with borosilicate glass and 1.2 gram calories per square centi- 
meter per minute with soft glass. While the British investigators did 
not measure radiation exposures during their studies, the intensities of 
the workers’ exposures at that time were probably near the latter figure. 

The gaffer or glass blower is the ultimate in skill among hand glass 
workers (fig. 9). His is the task to form the hot glass blank into its 
final shape by blowing it into a hollow mold, by forming with hand tools 
or by drawing it into tubing as can be seen in figure 10. The exposure 
averages 0.2 gram calory per square centimeter per minute in boro- 
silicate workers and 0.1 in soft glass blowers. It will be noted that this 
is the lightest exposure yet encountered in the present measurements 
and is in agreement with the British observations. 
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Fig. 8—Warming in a glass object for final hand finishing. 


Fig. 9.—A glass blower or “gaffer” and his assistants. 
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The mold holder (fig. 11) opens and closes the hollow mold into 
which the gaffer blows the hot blank. His exposures are intense but 
short. The measurement of radiation intensity on the borosilicate 
worker reached an instantaneous high level of 2.3 gram calories per 
square centimeter per minute while the niold was being closed for blow- 
ing a large carboy, but as there was no such large shape being blown 
in soft glass operations the data will not be comparable. The largest 
object being handled in the mold in soft glass radiated only 0.1 gram 
calory per square centimeter per minute. 


Fig. 10.—Hand drawing of glass tubing. 


One operation not mentioned extensively in the British studies is that 
of the pressman. Here is an operation wherein a comparatively large 
mass of molten glass is introduced into an open mold, the press shop 
gaffer shears off the desired quantity, and finally the plunger of the press 
descends into the mass to produce the final shape. The exposure of 
the press shop-gaffer is nearly equivalent to that of the gatherer in boro- 
silicate operations, reaching the level of 2.0 gram calories per square 
centimeter per minute and in-soft glass the level of 1.0. Figure 13 is a 
close-up of the press shop gaffer’s exposure. 

It should; be mentioned that it is exceedingly difficult to obtain 
laboratory grade readings of radiation intensity on these operations 
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because of the rapidity with which the men work. It is felt, however, that 
the figures given represent fair enough averages to demonstrate the more 
intense exposure that borosilicate glass workers receive as compared 
with soft glass workers. These readings were all taken with a radiation 
thermopile calibrated against a United States Bureau of Standards 
radiation reference source by our physical research laboratory.’® 

To review our experience in the light of the radiation intensities 
given—we have been producing borosilicate, low expansion, hand blown 


Fig. 11—A glass mold holder closing the mold preparatory to a blowing 
operation. 


glassware by the methods portrayed for over thirty years. At the close 
of 1948 there were 70 to 75 highly exposed hand workers in these 
operations as gatherers, ball makers, finishers and both blown ware and 
pressed ware gaffers. This is a smaller number of men, of course, than 
were exposed before mechanization of many of the processes. Despite 
our completely negative experience with ocular disorders in these men, 


10. Strong, J., and others: Procedures in Experimental Physics, New York, 
Prentice-Hall, Inc., 1938. Forsythe.® 
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Fig. 12.—A hand press “gaffer” and gatherer. 


Fig. 13.—A close-up of a pressed glass mold with the gather being sheared off 
a punty. 
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we still wished to assure ourselves that we were correct in our belief in the 
nonexistence of cataract in this group. It was decided to select 10 
per cent of the actively exposed group, or 7 men, and subject them to 
an exhaustive examination by our consulting ophthalmologist. These 
men, all working in borosilicate glass, were not hand picked. Seven of 
the men who were oldest in terms of exposure years were selected by 
the foreman, the only specification being that they must have had 
exposures of their eyes to molten glass as gatherers over long periods 
of employment. The result was as expected, completely negative, but 
for the sake of record we will review their exposure history and some 
of the details as reported by the examining physician (see table. ) 

These men cooperated completely with the request but with no small 
amount of ridicule. None of them had ever heard of the disease in 


Results of Examination of Eyes o 


f 7 Veteran Glass Workers 


Vision 


Worker Age Yr. Uneorrected Corrected to Diagnosis and Comment 


F. T. wo .D. 20/500 20/20 Hyperople astigmatism and presbyopla in 
. 20/600 20/20 all cases; no pathologie lenticular defects 
P or opacities found biomieroscopically in 
any case; no subjective complaints of 
. sa eiabace loss of vision during period of service 
. 20/100 20/20 to present date 
. 20/80 20/20 
D. 20/400 
3. 20/400 20/15 
. 20/30 
§. 20/25 
.D. 20/60 
20/200 
. 20/400 
. 20/200 


question, nor have I yet found a glass worker in our company who has 
heard of such a disorder. The workers spontaneously class it in the 
same category as the myth that glass blowers die young from tuberculosis, 
and other erroneous beliefs concerning their trade. 

Since glass workers’ cataract was included in the various workmen’s 
compensation laws there have been presented several articles promoting 
the idea that cataract caused by infra-red radiation has occurred in 
other high temperature industries, such as steel mill and forging 
operations.'** We have no data on the radiation intensities or detailed 
descriptions of such operations but feel confident that the studies were 
outgrowths of Robinson’s demonstrations. It would be interesting to 
review the experience of such industries. 


11. Cridland, B.: The Occurrence of Glass-Workers’ Cataract in “Puddlers” 
(Iron Smelters), Brit. J. Ophth. 5:193, 1921. Anon.: Industrial Cataract, Monthly 
Labor Rev. 13:171, 1921. 
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To summarize: 


The experience of one company in which workers have been exposed 
to extremely intense infra-red radiation for many years has been pre- 
sented, with negative results as regards ocular disturbances. 

A review of the literature disclosed certain errors of optics in the 
original investigation of a high incidence of cataract in a group of 
British glass workers. 

Disregarding errors made in the original studies—the disease (glass 
workers’ cataract), if it exists, should be limited as defined in the British 
studies to persons younger than 50 years who have been exposed to 
sources of intense infra-red radiation and have posterior cortical cataracts 
in consequence. No other lenticular opacities seem to fit the classically 
described disease. 

The high incidence of cataract that inspired the early studies of British 
workers cannot be disregarded ; so it is suggested that possibly the funda- 
mental causative agent was not discovered at that time. Possibly new 
research should be conducted in groups of persons suffering from 
cataracts of all forms from the standpoints of general physiology, racial 
origin, dietary deficiencies, occupation, etc. Snell, in the original studies, 
presented interesting data on the bigh incidence of cataract in one racial 
group and offered this as a possibility for study. 

It is suggested, in view of the experience reported, that it might be 
advantageous in other trades and exposures to review the earlier works 
on various occupational diseases, with a view to reevaluating some of the 
present day conceptions. While factors of safety are most certainly 
desirable, it does not seem that industrial hygienists can be commended, 
even when guided by the highest humanitarian urge, for imposing undue 
financial loads on industry to provide corrective measures for a non- 
existent disease or a disease of extremely low incidence. 


| 
Members of the physical research and medical staffs of the Corning Glass 
Works assisted in the preparation of this article, particularly Dr. Parker -M. 
Hoffman, who examined the sample group of workers; Mr. Charles Parker, who 
helped in calibrating radiation-measuring instruments; Mr. John Weed, production 
manager of the borosilicate glass operations, and Mr. J. C. Overmyer, hand glass- 
working expert, who gave advice and assistance in the describing of operations. 
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EXTENDING THE POTENTIAL OF INDUSTRIAL HEALTH 


WILLIAM H. SEYMOUR 
BOSTON 


HROUGH our activities in loss prevention work in industrial 

plants we, of the Liberty Mutual Insurance Company, have come 
to realize the significance of medicine as it relates to the effectiveness of 
the individual worker and to industry, public health and the national 
economy. Because of today’s confusion, we believe that it is time to 
emphasize the key position that medicine must occupy in solving one 
of the basic issues raised by social trends. Times are changing, and we 
should listen to the insistent voice of the working population demanding 
that further changes be made. 

If we recognize the worker as a governing influence on what is 
done about the health of America, we should examine his “on and off 
the job” environment and, by confining and defining the problem, 
eliminate nonessential issues. Our loss prevention experience has shown 
that many forward-looking industries, working closely with medical 
advisors, are not only influencing workers’ health on the job but also 
improving the health of the workers’ families and bettering the home 
environment. It is industry, therefore, that has compelling reasons and 
a ready-made organization to develop a program of health control—a 
community of interest not shared by any other agency. 

We may go even further and suggest that a positive contribution 
from medicine is required to bulwark our national economy. This may 
appear revolutionary, but it is exactly the conclusion we have drawn 
from our company’s experience. 

Our activity in “in plant” medical programs arose directly from our 
work in industrial safety. Since 1912, through industrial safety pro- 
grams, a remarkable record has been made in safeguarding workers. 
Machine designers have made machines much safer. Better plant layouts 
and better manufacturing methods and technics have materially reduced 
the hazards of most manufacturing processes. According to the National 
Safety Council, the nationwide frequency rate of industrial accidents 
was reduced 60 per cent in the period from 1930 to 1946. During this 
same period the severity rate was reduced 50 per cent. Comparative 
statistics are not available on a state by state basis. But in one state, 
Massachusetts, industrial fatalities have been reduced from a frequency 
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of 51.1 per hundred thousand workers in 1913 to a frequency of 13.4 
per hundred thousand workers in 1947. These figures prove that good 
results come from standard loss prevention work and, using Massachu- 
setts as an example, they also prove the effectiveness of the competitive 
system of handling workmen’s compensation. 

This reduction of accidents did not just happen. It was the result, 
in large part, of the cooperation of management and trained accident 
prevention people in lessening the hazards inherent in industrial proc- 
esses and in educating workers in the broad principles of accident 
prevention. It was the result of aggressive preventive action—not 
passive acceptance of the problem. 

Our experience in safety activities during the last few years has 
demonstrated again, to our complete satisfaction, that a further reduction 
in accidents demands a broadened concept of the science of loss preven- 
tion. The dramatic reduction made through 1946 cannot be continued 
without the addition of other skills. We do not mean to imply that 
further progress will not be made, because there will be many places 
where standard loss prevention will be effective if only to hold the line. 

Some plants with excellent safety programs have reduced their 
accidents to a level far below the average for their industry. And there 
they stop. They do not seem to be able to make any substantial further 
reduction. According to studies which have been made, we find that 
the preponderance of the accidents which they continue to have are due 
in part or entirely to personal causes. Thes¢ personal causes include 
body incapacities, improper placement, lack of adjustment on the job 
and emotional upsets—all of which cause accidents. This seems to 
indicate that in this type of plant the conventional, engineering type of 
loss prevention work has reached its limit. We must, then, attack the 
personal causes. In addition we must reexamine personnel practices, 
supervisory methods and labor-management relations so far as they 
may influence accidents. 

We are led by all this to believe that to make another major step in 
loss prevention we need the help of industrial medicine. And in work- 
ing with industrial medicine we believe that we can also increase the 
individual effectiveness of workers. 

By “individual effectiveness” I mean the ability of a worker to 
perform his chosen work well, without harm to himself, and to live 
well in the environment outside the plant. I prefer to use the term 
“individual effectiveness” rather than “health” because the word 
“health” has been abused. Incidentally we do not expect to make perfect 
physical athletes out of the entire population. Health is not necessarily 
measured in terms of the physical fitness required to run a mile race or 
box fifteen rounds. The concept of health must be tied m with the 
person’s work. If he has the physical capacity to live and work 
effectively, he can be said to have good health. 
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Individual effectiveness may be defined as the summation of all the 
factors that affect a person’s productive capacities. If industry can 
successfully increase the individual worker's effectiveness, it will go a 
long way toward placing the industrial economy on a sounder and more 
productive basis. Employed people and their dependents are the nation. 
By solving this problem through them, industry will have a practical 
solution to the problem of national health and social medicine—because 
the most practical way to increase the individual effectiveness is to pro- 
vide better health for the worker in a well organized and well admin- 
istered industrial system. 

This is not the place for me to discuss all the factors to be con- 
sidered, but I should like to sketch in a few of them. I am told that 
every person’s work capacity is affected by his physical makeup, his 
mental and emotional makeup and his environment. Physicians know 
well the importance of physical abilities and disabilities as they relate 
to work capacity. Their function regarding the emotional makeup is to 
help the employee build up an emotional stamina that will be adequate 
for the psychiatric trauma he will meet. The industrial environment 
entails study of occupational factors as they affect the functioning of 
the employee. 

While we are interested essentially in the worker’s industrial environ- 
ment, the effect of his off-the-job environment must be evaluated for 
proper counseling and treatment. This means special consideration of 
his life situation, his family relationships and his comraunity activities 
and facilities. Hence the plateau that we have reached in accident 
prevention has brought us to a more adequate study of the man himself. 
We find that consideration of the multitude of factors which contribute 
to a person’s effectiveness indicates that they lie largely within the scope 
and knowledge of the physician. If industrial physicians will agree with 
me that our aim is to attain maximum individual effectiveness, they 
will agree that the industrial physician should determine how to do this. 

The industrial physician is in a key position to provide the necessary 
leadership in creating better health for the people. This is my considered 
judgment, and it is based on my knowledge both of industry and of the 
medical profession. Some physicians in industry have learned how to 
translate physical findings into work capacity and work limitations. 
Some have learned how to use the physical findings to begin individual 
health guidance toward constructive health. Some physicians in industry 
have learned to relate the environment and the demands of the job to 


employee health, to recommend control of noxious substances, to suggest 
that the handling of materials be modified if it is demanding too much 
of the joints or the heart, to suggest outside activity that will tone up 
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the system when the work is sedentary, to advise diversion after work- 
ing hours when the job demands considerable mental effort. 

Some have learned to recognize and heed early symptoms and signs 
before disabling pathologic changes result and to teach the employee 
the importance of early and adequate care to prevent disability, hos- 
pitalization or surgical intervention. Through health counseling they 
have led many into better work and play habits, better personal hygiene, 
better nutrition. They reach the man’s family through the man himself 
and thus their teaching and counseling reach the family. Many of the 
health counseling problems center around a home health problem, and 
here the industrial physicians’ efforts carry well beyond the confines of 
the factory or office walls. 

Some industrial physicians have taught the person who has a cardiac 
defect the importance of working and playing within his cardiac reserve. 
They have taught the diabetic person the necessity of dietary discretion 
and of continuing medical check-ups. They have pictured the problem 
of a varicose ulcer to the man with varicose veins to persuade him to 
get proper treatment before disability occurs. They have taught the 
worker with osteoarthritis how that condition limits his activity and 
have helped him to keep within that limitation. They have steered the 
worker to the proper community facilities. They have set up group 
health educational programs and, through pamphlets, posters, films, 
group counseling and health committees, have sought to stimulate health 
consciousness among the workers and their families. 

Some industrial physicians have helped management to understand 
the importance of employee health, to translate the philosophy of pre- 
ventive machine maintenance to preventive human maintenance and to 
foster the development of employee health programs. 

Not all industrial physicians have done all of these things, but many 
of them have—and all of them can. Indeed, every physician who treats 
a working man can and should play an important part in developing 
the concept of improved individual effectiveness. Both the industrial phy- 
sician and the private practitioner can follow this preventive philosophy 
and help the worker reach a greater degree of positive health and 
through him influence his family’s health. I know this to be true. For 
the last seven years, as I stated earlier, we have employed physicians 
and nurses to explore the best applications of medicine in industry. This 
exploration has taken us into over 2,500 plants. This exploration con- 
vinces us that if industrial medicine is practiced in an effective and 
constructive manner, it can make the outstanding contribution to medi- 
cine in our time. I say this because, economically, the working 
population and its dependents represent the nation’s useful man power. 
Through industrial medicine this reservoir can be ‘conserved, guarded 
and nurtured—nothing could replace it. 
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The economic side of the medical needs of the people can best be 
handled by some method of group insurance on a competitive basis. 
Plans of this type have worked well because competition has fostered 
the best service at the lowest cost. These plans enlarge the ability of 
the worker to pay for medical care. Since needed medical care is 
sought earlier, group insurance is an integral part of preventive medi- 
cine, The medical administration and the functioning of these plans are 
a major responsibility of the industrial physician. In order to make the 
plans successful, he must be interested in preventing not only industrial 
accidents but all illness. 

This industrial preventive medical program must be concerned with 
the two groups that make up any plant population: (1) those with no 
significant physical defect and (2) those with a physical defect that con- 
stitutes an impairment of health. For the first group the intent of 
preventive medicine is to sustain or increase the resistance of the indi- 
vidual worker so that he may successfully meet future threats to his 
health. This is done mostly through health education—a long, arduous 
job for which there is no alternative. And it can best be done for the 
adult within the confines of industrial organizations. For the second 
group, treatment, education, placement and modification of the work 
station is designed to cure or minimize the disabling effects of the 
condition and to prolong life. 

The greatest need at the present time in medicine, based on our 
experience, is not the construction of more facilities for the cure of 
disabilities already incurred but the prevention of disability. These 
observations, which are based on countrywide experience, lead us to 
believe that more can be done for the industrial population by a positive 
“in plant” program than by constructing or expanding present curative 
facilities. Illness or injury prevented is better than illness or injury 
healed. The failure of a purely passive approach to health is clearly 
demonstrated in the following example: 

A plant which we have studied carefully has for many years given complete 
curative medical care not only to workers but to all their dependents. The cost 
of medical care was considered an item of expense in making their product. An 
elaborate hospital and several dispensary buildings were constructed and a large 
staff of doctors and nurses retained to give all types of medical care to every worker 
and his dependents. This plant does not practice industrial preventive medicine. 
There are no health examinations of any kind, no health education, nor any other 
aspect of prevention in their medical activities. Morbidity data from this plant 
indicate that the workers there have more disabling illness than does the average 
working population. In other words, the establishment of these curative facilities 
has not improved the health of this particular industrial population. There is nothing 
more that they need in the way of curative facilities, but there is a serious need 
for an industrial preventive medical program. 


In industrial areas 
generally there are enough doctors and medical facilities to care for 


This is our experience in too many plants. 
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the acute emergencies which may arise. I do not mean that in areas 
other than industrial more hospitals and more medical care need not 
be provided. I do mean that the outstanding need countrywide is the 
application of known methods of public health and preventive medicine— 
and the development of a more constructive approach—to those illnesses 
which up to now have been largely neglected, those due to the process 
of aging. 

Medicine as practiced has for many years tended to side-step the 
changes in the practice of medicine that social trends have demanded. 
Where industry strongly felt the need for changing the precepts of the 
central medical body, it has done so with impunity. Organized medicine 
must recognize that this is an industriai nation, that there is need for 
the doctor in industry, that within the framework of industry medicine 
can advance and solve many of the medical needs of the people as a 
whole. The medical profession can improve the health of the nation if 
it will team up with industry, which depends on the health of the nation. 
It will find a common ground with industry on which to sow the seeds 
of improved health of workers. Industrial medicine—preventive in pur- 
pose—is the common ground. There is no criticism of the quality of 
medical care that the medical profession gives. The chief criticism 
concerns the economic burden of illness and the way it is distributed. 
Group insurance of the gainfully employed has proved its economic 
desirability. Extension of the coverage to broaden benefits and provision 
of a measure of prevention can be accomplished at costs that are within 
_— Comprehensive plans now in effect are not considered excess- 
ively priced by| the consumers. The inclusion of truly preventive 
medicine would hot involve any greatly increased financial burden and 
would place the cost where it fairly belongs—on the shoulders of 
industry and on the gainfully employed. These are the two groups best 
able to pay and the two groups most directly benefited. And they include 
those who respond most readily to preventive medicine. A plan directed 
at them will control the load on curative medicine. Industry, from which 
the major part of the national economy springs, is an effective medium 
through which to care for national medical needs. The need is for more 
preventive medicine—or constructive medicine—so that each one not 
only conserves his health but improves it. This is the positive approach. 
The negative attitude is voiced in the claims that medicine has made 
such great strides it should not be criticized for any failures. The worth 
of a positive program in industry goes much further than maintaining 
good health in the worker. It is a definite contribution to the industrial 
economy because it increases the individual worker’s effectiveness. Fur- 
thermore, by increasing individual effectiveness, it improves the worker's 
life situation. His family, community and social life are healthier and 
happier. 
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What I have said in behalf of preventive medicine may seem a far 
cry from the problems of accident prevention. It is not so far removed 
when one considers what a positive program of prevention has done 
for workmen’s compensation injuries and occupational disease. We of 
the Liberty Mutual Insurance Company and other interested groups did 
not wait for states to pass laws on safety, but led the way by adopting 
and expanding a positive approach to the problems of preventing loss 
through engineering and medical efforts. In this way, we served our 
people, gained the confidence of industry and assisted in more firmly 
establishing the productive system under which the people of this country 
live and have enjoyed so many benefits. Today industry shows itself 
more than willing to develop plans for industrial health. 

Too few general practitioners have been interested in industrial 
medicine or seem to want to have anything to do with it. In some 
instances physicians themselves have been a deterrent in setting up 
“in plant” medical service. Yet if preventive medicine is so important 
in industry and in the nation, then the general practitioner must asso- 
ciate himself with it. Industrial physicians are the specialists in this 
field. They must do the teaching—in their daily contacts with private 
practitioners, in their group contacts, in their county medical society 
and in their daily “in plant” dealings with private patients. Their asso- 
ciations can do it through the parent organization, the American Medical 
Association, and through developing medical school curriculums that 
give proper emphasis to the preventive phase. I think industry is ready 
and anxious to go ahead with a broad “in plant” constructive health 
program, but it needs the active participation of the medical profession. 


SUMMARY 

The curative technic, a role always emphasized by medicine, is 

essentially a negative approach to health. In its place I suggest that 

the medical profession adopt a positive approach to industry because : 

1. Our economy is no sounder than the sum total of the effectiveness 

of the individual workers. 

2. The effectiveness of the individual worker is directly related to 
his health, which in turn is an expression of his individual medical 
supervision and care. 

3. Curative technics alone can never adequately solve the health 
needs of the people. A preventive approach is also necessary. 
Through such a constructive or preventive approach it will be 
possible to lessen the burden on the curative facilities. This is 
essential in order to obtain the best utilization of such facilities, 
to assist in a more equitable distribution of medical care and to 

reduce the over-all cost of national health maintenance. 
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4. The most logical place to educate the adult population is in indus- 
try, where it can be reached repeatedly through known pre- 
ventive health methods. It is especially effective, since the 
factors of the working environments which affect the individual 
worker's health are reached at their source. 

5. Our records show that the major causes of morbidity in industry 
are respiratory, cardiovascular, gastrointestinal and musculo- 
skeletal diseases and accidents. It is in just these categories that 


there is the greatest opportunity for extending the potential of 
industrial health. 


The members of the medical profession, through the medium of 
industry, can improve individual effectiveness and thus the health of 
the nation. I believe that it is possible to effect an acceptance of this 
responsibility within the present medical structure without radical 
changes. It requires a change in philosophy to bridge the gap which 
exists between present practice and what one forsees as inevitable if 
the demands and needs of the future are to be met. 
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CAUSES, CONSTITUENTS AND PHYSICAL EFFECTS OF SMOG 
INVOLVED IN SPECIFIC DRAMATIC EPISODES 


H. H. SCHRENK 
Scientist Director ond Chief, Environmental Investigations Branch, Division of Industrial 
Hygiene, United Stotes Public Health Service 


PITTSBURGH 


WO DRAMATIC episodes associated with atmospheric pollution 

have received widespread publicity, namely, the Meuse Valley 
(Belgium) episode, Dec. 1 to 5, 1930, and the Donora, Pa., episode, 
Oct. 27 to 31, 1948. In the Meuse Valley incident 60 deaths were attrib- 
uted to the fog, and in Donora 18 deaths were attributed to smog. 
These figures refer to deaths occurring only during the period of the 
smog. The very nature of these incidents was such as to create unusual 
interest. Questions immediately arose: What was the cause of the 
incidents? What was the possibility of a recurrence? What was the 
possibility of a similar occurrence elsewhere? Obviously, these questions 
are difficult to answer with certainty and cannot be answered fully 
without a great deal of investigative and research work. While precise 
answers cannot be given at this time, an evaluation of the principal fac- 
tors may assist in a better understanding of the problem and its final 
solution. 


CAUSES OF DRAMATIC EPISODES 


A primary factor in both the Meuse Valley and the Donora incidents 
was the unique weather conditions. Anticyclonic conditions, charac- 
terized by little or no air movement, covered these areas for an unusually 
long period. Normally, the temperature of the air decreases with increas- 
ing height above the ground at an average rate of about 1 F. every 
300 feet (91 meters). Under these conditions, turbulence at ground ’ 
level is not suppressed, and upward currents may mix and dissipate 
atmospheric contaminants. At times, however, the air at ground level 
is of a lower temperature than the air immediately above it, a condition 
which is designated as temperature inversion. During periods of tem- 
perature inversion the atmosphere tends to be stable, the normal 
process of vertical mixing of the air not taking place. In the Meuse 
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Valley the temperature inversion and anticyclonic conditions lasted 
from December 1 to 5, and in Donora, from October 27 to 31. 

A review of the weather records at the time of the Meuse Valley 
incident indicated that for the previous forty years there were only five 
fogs of duration of more than three days. These occurred in 1901, 1911, 
1917, 1919 and 1930. In 1917 and 1919 industry was not very active, 
because of the war. It is stated, however, that in January 1911 serious 
accidents occurred similar to those of 1930 but with attacks chiefly 
on cattle. 

A review is being made of the weather data recorded in Donora and 
vicinity, and it is anticipated that smog periods comparable to that of 
October 1948 will prove to have been very rare. 

These prolonged periods of essentially static air conditions permitted 
the accumulation of atmospheric contaminants. In both cases, the tem- 
perature inversion and accumulation of contaminants covered a wide 
area, yet the dramatic effect was confined to a relatively small area. This 
raises the question whether there was some specific substance in those 
areas that was not present elsewhere or whether the contaminants were 
similar but in higher concentrations. The following questions are also 
pertinent. 

Did the general atmospheric pollution build up a concentration such 
that the over-all action of all of the contaminants produced the effects? 

Did a single contaminant build up to a concentration sufficient to 
cause the effects? 

Were the effects caused by secondary products formed by the 
reaction of the contaminants originally present ? : 

Was there an unusual occurrence which produced a contaminant 
not ordinarily present or produced an unusually large quantity of a 
contaminant ordinarily present, so that the incident may be considered 
in the nature of an accident? | 


MEUSE VALLEY EPISODE 

The: Meuse Valley episode was investigated by a group of five 
professors of the University of Liege, Belgium, with special knowledge 
of meteorology, toxicology, industrial chemistry and pathology. Previous 
mention has been made of the meteorologic review, and the remaining 
phases of the investigation relate to the constituents, the physical effects 
and interpretation. 

Constituents.—It was not possible to analyze samples of air taken 
during the period of the fog-in the Meuse Valley because the seriousness 
of the episode was not recognized until shortly before the fog was 
dissipated. Therefore, the exact nature and concentrations of the con- 
stituents of the polluted atmosphere are not known. The nature of the 
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constituents was arrived at indirectly by visiting the plants in the 
Meuse Valley and obtaining information concerning raw materials, 
intermediates, gases and fumes. As a result of their studies, the investi- 
gators listed 30 substances that were or might have been present in the 
atmosphere. The list included sulfur dioxide; sulfur trioxide; hydro- 
chloric acid ; hydrofluoric acid and its salts, ammonium fluoride and zinc 
fluoride; carbon monoxide; carbon dioxide; oxides of nitrogen; 
ammonia; hydrocarbons; tar; soot; metallic oxides; arsine; formalde- 
hyde, and zine chloride. 

Physical Effects of Fog.—Medical observations of persons who were 
affected in the Meuse Valley incident showed a number of symptoms 
common to all. There were retrosternal discomfort with pain spreading 
along the rib margins, coughing, and paroxysmal dyspnea with difficulty 
during the expiratory phase of respiration. In patients in whom bron- 
chial asthma appeared to be severe or who had previously suffered 
frequent attacks of asthmatic bronchitis, or in whom there were previous 
indications of cardiac insufficiency, the symptoms were complicated by 
a state of cardiovascular collapse characterized by a rapid, weak pulse, 
cold extremities, pallor and profuse perspiration. Other symptoms 
observed were cyanosis, frothy sputum, nausea and vomiting. 

Microscopic examination of tissues of persons who died showed that 
noxious products had been inhaled in the last hours of life and had 
brought on a local and superficial irritation of the mucous membrane 
of the bronchial tree exposed to the air inhaled. The microscopic sections 
of the lungs showed, in addition, the inhalation of fine particles of soot 
even as far as the pulmonary alveoli. 


The Meuse Valley investigations showed that those particularly 
affected by the fog were elderly persons and asthmatic or cardiac patients. 
However, persons in previous good health and children were also 
affected. The first respiratory symptoms started on the third day of 
the fog, and death occurred on the fourth and fifth days. 


Interpretations—In the interpretation of the results obtained, the 
Belgian investigators concluded that they need consider only those sub- 
stances which cause irritation of the respiratory or other mucous 
membranes. They, therefore, excluded oxygen deficiency, carbon 
monoxide, carbon dioxide and various solid dusts. Other noxious gases 
were excluded because chemical data in conjunction with other informa- 
tion indicated that toxic quantities could not have been present. The 
substances which remained for consideration were sulfur dioxide 
and its oxidation products, hydrogen fluoride, hydrogen chloride and 
nitrous or ammoniacal vapors. Nitrous vapors, ammonia vapors and 
hydrochloric acid were excluded because they were not considered to 
have existed in the atmosphere in sufficient quantity to produce the 
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accidents along the entire extent of the valley. The investigators con- 
cluded that hydrofluoric acid could not alone have produced all the 
symptoms, but they did not exclude it as a secondary factor in the near 
neighborhood of the factory from which it issued. 

Sulfur dioxide and its oxidation products remained as the possible 
irritants. After a rather lengthy discussion of many factors, such as 
the amounts likely to have accumulated and the toxicologic effects, the 
investigators concluded that the sulfur compounds produced the inju- 
rious effects. 

It is interesting to note that several years after this study Roholm 
published an article in which he reviewed the Meuse Valley incident 
and concluded that hydrofluoric acid was the injurious agent. 

A review of the results of the Meuse Valley investigation in relation 
to the questions raised in the first part of this report indicates that the 
investigators did not consider that some substance specific to that 
area was responsible for the incident. Their conclusions indicate that 
the effect was due to a single contaminant and its oxidation products, 
and was not due to the over-all effect of all of the contaminants, and 
also that it was not due to an unusual occurrence or accident. 


DONORA INVESTIGATIONS 


The team investigating the Donora incideht consisted of physicians, 
nurses, dentists, a veterinarian, statisticians, engineers, chemists, sani- 
tary engineers, housing experts and meteorologists. The physicians 
collected information on the time of onset, the type of symptoms, the 
treatment and the duration of illness of the persons who died. Autopsies 
were made in 3 cases, one at the time of the incident, and two several 
months later. Information was also obtained by the physicians from 
persons who survived but were seriously affected by the smog. The 
nurses made a house to house canvass of one third of the households 
(approximately 1,500, representing about| 4,500 persons) in Donora 
and vicinity to obtain information on the incidence of illness and the 
frequency of respiratory diseases, as well as on the distribution of cases, 
throughout the area. The dentists examined the oral structures of 
school children and adults particularly to determine possible effects 
of acid gases and fluorides. The veterinarian investigated reports of 
effects on animals. The statisticians reviewed information on 
morbidity and mortality of persons in Donora and adjacent areas with 
respect to both acute and chronic effects of atmospheric pollution. The 
engineers and the chemists obtained an inventory of the raw materials 
used, studied plant processes to get information on reactions involved, 
and collected data on intermediate and finished products and residues. 
This information was supplemented by analyses of samples of stack 
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effluents, as well as samples of the general atmosphere. Samples were 
analyzed for the following gaseous constituents: sulfur dioxide, chlo- 
rides, fluorides, oxides of nitrogen, arsine, stibine, carbon monoxide, 
carbon dioxide and oxygen. Particulate matter was collected from the 
air by electrostatic precipitation. This material was weighed to obtain 
total weight of air-borne particulate matter. It was then analyzed 
spectrographically to determine the major constituents qualitatively. 
These were later determined quantitatively. Soot-fall was also collected 
. to give further information on particulate matter. The magnitude of this 
phase of the investigation is evidenced by the fact that approximately 
4,000 determinations were made. 

The United States Weather Bureau, which cooperated in the inves- 
tigation, set up eight weather stations in Donora and vicinity for 
measuring wind velocity and direction, temperature and humidity, and 
other factors pertinent to weather conditions. Six of these stations were 
placed in a line across the Monongahela River Valley to measure con- 
tinuously the weather elements at hilltop height, midvalley and valley- 
flow heights. The line intersected the cooperative weather station at 
Donora which has wind-measuring apparatus at midvalley height near 
the river. One station was placed at each bend of the river north and 
south of Donora. 


The data gathered from these stations will be used to determine the 
typical wind and temperature regimes of the valley on smoky and 
smoggy days and on days when little or no smoke accumulates in the 
valley. Also to be determined are the types of synoptic weather situations 
that are associated with smoky and nonsmoky days. With this knowl- 
edge, meteorologists will be able to prognosticate periods when smoke 
will be well or poorly dispersed in the atmosphere. 


The analysis of all the information and data obtained and the correla- 


tion of clinical, environmental and meteorologic findings is in progress 
at the present time. 


COMMENT 

It is evident from the official report of the Meuse Valley incident 
and from subsequent reports that the exact cause was not established 
beyond all doubt. In view of the complex nature of the problem and 
the lack of fundamental information, particularly on the physiologic 
phase, a clearcut answer was hardly to be expected. Nothing conclusive 
can be said at this time about the Donora study, because the analysis 
of the results is not complete. However, the study has served to 
emphasize areas of deficiency in present knowledge of the over-all prob- 
lem of atmospheric pollution. 

While the substances encountered were well known toxicologically, 
the data available pertain to acute effects or to effects on workers in 
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good health and to exposures of eight hours daily. When dealing with 
atmospheric contaminants, one must consider continuous exposure over 
many hours as well as effects on the aged, persons with impaired health, 
and hypersusceptible and allergic persons. Furthermore, available data 
are confined almost entirely to the effects of single substances. Little is 
known of the effects of simultaneous exposure to several toxic sub- 
stances. The role that extremely fine particles may play by absorbing 
and transporting toxic gases or vapors to the alveoli is almost entirely 
unexplored. In addition to the direct action of toxic substances, the 
possible influence of atmospheric pollution on common diseases needs 
careful and critical analysis. 

Recognizing these problems, the Division of Industrial Hygiene, 
United States Public Health Service, has planned to conduct investi- 
gations and undertake fundamental research covering the entire field of 
atmospheric pollution. These plans include studies of the over-all 
effects of atmospheric pollution; methods for the determination and 
control of contaminants; correlation of weather conditions and the dis- 
semination, distribution and dilution of contaminants, and toxicologic 
studies on animals. 


Lack of sound scientific information has encouraged speculation and 
publication of uncritical and pseudoscientific ne arg which serve only 
to confuse the issues, create hysteria and precipitate hurried and poorly 


conceived programs that inhibit and delay orderly progress. These 
conditions emphasize the urgency of the need for fundamental studies 
to develop a sound basis on which to build progressive atmospheric 
pollution control programs. 
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CHRONIC PULMONARY BERYLLOSIS IN WORKERS USING 
FLUORESCENT POWDERS CONTAINING BERYLLIUM 


H. E. MacMAHON, M.D. 


Consultant in Pathology at the Lynn Hospital, Lynn, Mass., and Professor of Pathology 
ot Tufts College Medical School, Boston 
AND 


H. G. OLKEN, M.D. 


Pathologist at the Lynn Hospital, Lynn, Mass., and Assistant Professor of Pathology 
at Tufts College Medical School, Boston 


CAMBRIDGE, MASS. 


ERYLLIUM is an interesting and unusual element, It was dis- 

covered by Vauquelin * about one hundred and fifty years ago, and 
for a long time its use was limited to the art of ceramics. It exists as 
a silvery white metal that is considerably lighter in weight than aluminum 
but it is nearly four times as hard. It has a high melting point, and when 
mixed with copper it forms a very strong and tensile alloy possessing 
a remarkably high degree of electrical conductivity. Some beryllium 
compounds have shown exceptionally good fluorescence and, because of 
this, have been utilized in the manufacture of fluorescent lamps. Within 
the last few years beryllium has assumed a new and important role in 
the field of atomic energy, for when mixed with radium it offers a 
rich source of neutrons. 


For years beryllium and its compounds were considered to be toxico- 
logically innocuous, but today they have been shown, both in practice 
and in the laboratory, to be exceedingly dangerous substances 
it is the lungs that have suffered most severely and most often,? whereas 


In man 


From the Departments of Pathology of the Lynn Hospital, Lynn, Mass., and 
Tufts College Medical School, Boston. 
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in animals that have been given injections of beryllium compounds it is 
the skeletal system that has shown the most striking lesions.’ This 
paper is primarily concerned with a group of important pulmonary 
changes, some of which are chronic, progressive and irreversible, that 
were found to be responsible for the death of 2 patients who died in 
this community after having been exposed for a long time to beryllium— 
particularly to that in zinc manganese beryllium silicate. At the present 
time there are in this vicinity alone about 50 patients, some of whom 
are desperately ill, whose condition has been diagnosed clinically as 
chronic pulmonary beryllosis, Most of these have had some associa- 
tion with the fluorescent lamp industry. 


CLINICAL FEATURES 


The clinical features of this particular disease entity were well 
described in a recent paper by Hardy and Tabershaw,™* and the under- 
lying pathologic involvement of the lungs was presented during the 
past year before the American Trudeau Society, in Boston, by us, and 
later before the American Association of Pathologists and Bacteriolo- 
gists, in Philadelphia, by Jetter.** Hardy and Tabershaw emphasized two 
striking clinical features that distinguish this from other acute and sub- 
acute syndromes associated with beryllium poisoning, namely: (1) 
a delay in onset following exposure that may vary from six months to 
six years and (2) progression of the disease in spite of a change of envi- 
ronment. Briefly, the clinical course may be summarized as follows: 
The disease begins with a persistent and nonproductive cough. Dyspnea 
is an early symptom, and this becomes progressively severe. A marked 
loss of weight completes the essential triad of clinical signs and symp- 
toms. This disease may last, with remissions and exacerbations, for 
months and years, and during the terminal phase there is a degree of 
dyspnea, cyanosis and cachexia that is rarely encountered in the prac- 
tice of medicine. 

LITERATURE 

Though much has been written about the modes of extraction and the 
modern uses of beryllium and its alloys, it is only during the past fifteen 
years that attention has been directed toward the toxicologic properties 


Carmody, M. G.: Beryllium Poisoning, J. A. M. A. 129:1084 (Dec. 15). 1945. (a) 
Kress, J. E., and Crispell, K. R.: Chemical Pneumonitis in Men Working with 
Fluorescent Powders Containing Beryllium, Guthrie Clin. Bull. 18:91, 1944. (h) 
Dutra, F. R.: The Pneumonitis and Granulomatosis Peculiar to Beryllium 
Workers, Am. J. Path. 24:1137, 1948. 

3. Gardner, L. U., and Heslington, H. F.: Osteogenic Sarcoma in Rabbits 
Injected with Beryllium Compounds, Federation Proc. §:221, 1946. Cloudman, 
H. M.; Vining, D.; Barkulis, S., and Nickson, J. J.: Bone Changes Observed 
Following Intravenous Injections of Beryllium, Am. J. Path. 25:810, 1949. 
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of this element and its compounds. At the present time, three distinct 
clinical syndromes are linked with this substance. First, it is said to 
produce an acute and very transient illness that cannot be distinguished 
from brass or zinc poisoning, or any other type of “metal fume fever.” 
Second, it appears to be responsible for a form of chemical pneumonia 
that runs an acute to subacute course, usually terminating in complete 
recovery. Third, and it is with this that we are primarily concerned, 
it has been incriminated as the probable etiologic agent responsible for 
chronic pulmonary beryllosis. 

One of the first reports dealing with the toxicologic aspects of 
beryllium and its compounds was published in Germany in 1933 in a 
paper by Weber and Englehardt.* Using guinea pigs as test animals, 
they sought to determine what effect, if any, the dusts encountered in 
the commercial production of beryllium might have on the lungs of these 
animals. Sodium silicofluoride and combinations of sodium aluminum 
fluoride, silicic acid and beryllium were used in this series of experi- 
ments. Changes were found in the lungs which resembled those pro- 
duced by such gases as phosgene and chlorine, in which the pathologic 
conditions are dominated by pulmonary edema. From their experi- 
ments, they postulated that it was more likely to be the fluoride than the 
beryllium that was the active injurious agent. Marradi Fabroni,’ 
interested in the same problem, and working in Italy, two years later, 
arrived at a different conclusion. He had used beryllium carbonate and 
succeeded in producing bronchitis, peribronchitis and lobular pneumonia. 
Gelman,“ about a year later, working in Moscow, Russia, appears to 
have been the first to record cases of beryllium poisoning of man. 
The patients were found among workers engaged in the extraction of 
this metal. This investigator considered the toxic effect to be that of 
beryllium oxyfluoride, and he described two separate clinical syndromes. 
The first had all of the clinical characteristics of “metal fume fever.” 
This was an acute illness that lasted only twenty-four to forty-eight 
hours and usually cleared with no residual damage. The second presented 
the clinical features of bronchitis, bronchiolitis and alveolitis. It was 
ushered in with a cough and was followed by severe dyspnea and cya- 
nosis. It might last for days or weeks, and though relapses were com- 
mon, in his experience recovery was the rule. Gelman pointed out that 
while one syndrom: often followed the other, each could occur quite 
independently. 


4. Weber, H. H., and Englehardt, W. E.: Ueber einer Apparatus zur Erzeu- 
gung niedriger Staubconcentrationen: Anwendung bei der Untersuchung von 
Stauben aus der Berylliumgewinnung, Zentrabl. f. Gewerbehyg. 10:41, 1933. 

5. Marradi Fabroni, S.: Patologia polmonare da polveri di berillio, Med. d. 
lavro. [26]:297, 1935. 
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In this country Van Ordstrand and his associates,** in 1943, reported 

3 cases from the Cleveland area which they considered to be cases of 

“chemical pneumonia.” The patients were encountered among workers 

extracting beryllium oxide, and all followed the same clinical course. 

This resembled very closely the second syndrome described earlier 

by Gelman. In a later paper, in 1945, Van Ordstrand,** with others, 

reported on 170 persons who suffered from beryllium poisoning and, 

of this large number, 38 had signs and symptoms similar to those of 

the patients whom he designated in his first paper as having “chemical 

pneumonia.” Five of the latter group died as the result of pulmonary 

changes, and at autopsy the lungs showed a diffuse nonspecific chronic 

inflammatory reaction. A clinical paper published by Kress and Cris- 

pell ** in 1944 is particularly pertinent to this report. In this, a form of 

chemical pneumonitis is described as occurring in 3 patients who had 

been working for two to three months with fluorescent powders contain- 

ing beryllium carbonate and beryllium manganese silicate. The chief 

complaints were cough and increasing dyspnea, and these symptoms 

were accompanied by a progressive diminution of vital capacity and by 

roentgenologic findings of diffuse haziness over the central part of both 

lung fields. Perhaps the most comprehensive report of beryllium and 

its toxic properties was that of Fairhall and his associates® at the 

National Institute of Health. Their paper presents, in addition to their 

own work, a most inclusive bibliography. In their experiments they 

employed beryllium carbonate, and though ter theoesd changes were 

found in the lungs of some of their animals, they concluded that beryllium, 
from) a toxicologic standpoint, was essentially: inert. 

In reviewing this experimental work on beryllium and its compounds 
and from a study of clinical records, obtained largely in the field of 
industry, it is difficult to evaluate with certainty the etiologic importance 
of beryllium itself in each of the three clinical syndromes that have been 
associated with this element, particularly when it is realized that pul- 
monary lesions develop in only a small fraction of the workers who 
come into close contact with beryllium. This suggests that the suscepti- 
bility of-the patient to beryllium may be a significant intrinsic factor 
and one second in importance only to the chemical composition and 
the physical state of the compounds employed. 


CLINICAL DIAGNOSIS OF CHRONIC PULMONARY BERYLLOSIS 


If one is aware of this entity, the history of exposure is the most 
important single diagnostic aid. In the early stages the clinical manifes- 
tations are nonspecific ; they may resemble those of tuberculosis or almost 


6 Hyslop, F.; Palmer, FE. D.; Alford, W. C.: Monaco, A. R., and Fairhall, 
L.. T.: The Toxicology of Beryllium, National Institute of Health Bulletin No. 
181, Federal Security Agency, United States Public Health Service, 1943. 
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any other type of chronic pneumonitis. In fact, in most cases this 
disease has first been interpreted as tuberculosis, until the correct 
diagnosis has been made. A routine physical examination, which is 
so helpful in many diseases of the chest, may be of little diagnostic 
aid. The roentgenologic findings may be invaluable but, like the morbid 
anatomy on which they are based, they will vary considerably from 
case to case, and complications such as spontaneous pneumothorax or 
a sudden accumulation of fluid in a pleural cavity, both of which are 
common, may change the roentgenologic picture within a few hours. 
\s for the laboratory, it may offer interesting supplementary informa- 
tion ; for example, there may be an increase in the number of red cells in 
the circulating blood, or there may be a very low oxygen tension, but 
the laboratory alone cannot make a specific clinical diagnosis. An 
electrocardiogram taken late in the disease may show signs of right 
ventricular strain, and repeated measurements of vital capacity may 
detect the progress of pulmonary damage, but the important point is 
this: None of these diagnostic procedures, nor all of them combined, 
will enable one to formulate a correct clinical diagnosis unless one is 
first aware that such a disease entity exists. 


REPORT OF CASES 


Two cases are reported at this point to emphasize some of the salient 


clinical and anatomic features, before a detailed description is submitted 
of the gross and histologic changes observed in the lungs in this condition. 


Case 1.—This is the story of a young woman (R. P. E.) who died at the age 
of 21.7 In 1941 she was employed in the manufacture of fluorescent lamps for a 
period of ten months. During this period she lost 5 to 6 pounds (about 2 to 2.5 Kg.) 
in weight. Because of this loss of weight and a general feeling of poor health, she 
resigned her position and procured another in an entirely unrelated industry. At 
this time a roentgenogram of the lungs was reported as showing slight increase in 
perihilar markings, with lung fields clear (fig. 14). For the next two years she 
apparently felt well, although she did not regain the weight she had originally lost. 
In April of 1944 she first noticed dyspnea on slight exertion. This was shortly 
followed by a dry cough and by strangling substernal pain. She again began to 
lose weight, and a productive cough developed, with pleurisy and drenching night 
sweats. Roentgenologic examination at this time showed symmetric haziness, most 
marked in the bases of the lungs (fig. 1 B and C). She was studied at a tuberculosis 
sanatorium in June 1944, but no positive evidence of tuberculosis was found. She 
went downhill rapidly, and cyanosis developed, dyspnea increased and she had lost 
over 20 pounds (9 Kg.) in weight at the time of her death in December 1944. 

Cast 2—This is the record of a young woman (R. K.) who died at the age 
of 26.8 From 1940 until 1944 she was employed in the fluorescent lamp industry. 
She spent the year 1942 in the same building as did the first patient (R. P. E.), 


7. Dr. L. Limauro gave us permission to use these clinical notes. 


8. Dr. M. K. Laurence, Lynn, Mass., gave us permission to use these clinical 
notes. 
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the one particular building in which most of the cases in this community appear 
to have had their origin. In 1944, while still in good health, she resigned from her 
position, married and moved to the West Coast. About a year later a persistent 
cough developed, which was variously diagnosed as a “cold,” “bronchitis,” “pneu- 
monia” and lastly as “tuberculosis.” On returning to her original community in 
1946, she showed definite signs of dyspnea and loss of weight, and because of her 
occupational history and the roentgenologic findings her condition was diagnosed 
as “beryllium poisoning” (fig. 2A and B). She was given every form of sup- 


Fig. 1-—Roentgenograms of the thorax of patient R. P. E.: A, taken after a 
ten month period of exposure to beryllium-containing fluorescent powders, and 
approximately two and a half years before the death ot the patient. Except for a 
slight increase in perihilar markings the lung. fields are clear. B, taken approxi- 
mately two years after the period of exposure to beryllium-containing fluorescent 
powders and about four months before the death of the patient. It shows a sym- 
metric haziness affecting both lungs and increasing toward the bases. No cavities 
are seen. C, taken one month before the death of the patient. The density of the 
reaction is greatest in the lower two thirds of both lung fields and is mottled in 
character. The heart shows marked right-sided hypertrophy. 


portive treatment, but her condition became progressively worse and in the spring 
of 1948, after an attack of pneumonia, she died. During the terminal stage of her 
disease her vital capacity was reduced to 400 cc. 


Fig. 2—A, roentgenogram of the thorax of patient R. K. taken a few days 
before her death, and four years after a two year period of exposure to beryllium- 
containing fluorescent powders. 8B, postmortem roentgenogram of the thoracic 
organs of patient R. K. The emphysema of the upper lung fields and the coarse 
granularity and nodularity of the lower portions of the lung parenchyma stand out 
clearly. 
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The lungs of patients R. P. E., and R. K. differed sufficiently in 
gross appearance to warrant separate descriptions. 


Case 1 (R. P. E.).—The lungs when removed from the body and placed on the 
table retained their shape. They were uniformly firm but not consolidated. The 
combined weight of the two lungs was 1,200 Gm. The pleural surface of the right 
lung was smooth and glistening, whereas that of the left was shaggy and showed 
numerous old and fresher fibrous adhesions. Close inspection revealed many pinhead- 
sized nodules beneath the pleura of all the lobes. This nodulation of the lungs was 
actually more readily palpated than seen. After formaldehyde fixation this fine 
nodular feel was greatly diminished. The cut surfaces of all of the lobes of both 
lungs were similar. There was definite resistance to the knife when the lungs were 
cut. This resistance is best described as that encountered when a knife is pushed 
through sand. Although not definitely gritty, the lungs were finely fibrous and 
nodular. The background of the lung parenchyma was dark and varied from 
grayish white to bluish red. Much frothy fluid and blood were expressed from the 
cut surfaces. On closely examining the cut surfaces with a hand magnifying lens 
one saw small dilated air spaces appearing like tiny bubbles against a finely 
granular and fibrous background of interstitial tissue (fig. 3.4). These tiny air 
spaces represented a fine, diffuse emphysema. About the air spaces were rings of 
firm, grayish white tissue. In the right middle lobe there was seen a 1 cm.-sized 
lymph node partially embedded in the lung parenchyma close to the hilus (fig. 3 B). 
The node was sharply demarcated from the surrounding lung tissue but had the 
same gritty consistence as the lung. The blood vessels of the lung were ali patent 
and contained fluid blood. The bronchi and bronchioles contained thick, tenacious 
mucus. The walls of the smaller bronchi and of the bronchioles were appreciably 
thickened. Numerous enlarged lymph nodes were seen| at the hili of the lungs and 
at the bifurcation of the trachea. 

Case 2 (R. K.).—As the thoracic cavity was exposed, murky fluid was found 
in both chest caviti¢s (300 cc. on the right and 500 cc. on the left), The lungs 
appeared to be overdistended, completely filling the pleural cavities and almost 
touching in the midline over the mediastinum. Both lungs were bound to the 
thoracic wall and to, the mediastinum by shaggy fibrous adhesions, some of which 
were dense and firm, others fairly fresh and easily torn. The fresher adhesions 
were particularly numerous about the base of the left lung. As the lungs were 
removed from the thoracic cavity, they retained their shape. The contour of the 
lungs was irregular, showing a coarsely nodular or lobulated appearance somewhat 
suggestive of polycystic kidneys. The two lungs together weighed 1,050 Gm. The 
three lobes of the right lung and the two lobes of the left lung were bound together 
by old and fresher fibrous adhesions which resembled the shaggy adhesions seen 
on the outer pleural surfaces. The coarse, lobular nodularity of the lungs was most 
prominent in the upper portions and was due to large bullous blebs which protruded 
onto the anterior surfaces. The lungs were grossly dark bluish red, with only 
small areas of intervening grayish white lung tissue. They were firm and grossly 
nodular to palpation. The cut surfaces of the lungs were extremely dark, con- 
gested, and showed a deep bluish red color. A moderate amount of frothy, bloody 
fluid could be expressed from the cut surfaces. The parenchyma of the lung had 
a striking appearance. Scattered. throughout the cut surfaces of the lung were 
numerous firm, grayish white nodules varying from 0.5 to 1.5 cm. in size. These 
nodules were gritty and granular, and showed no evidence of necrosis or of calcifica- 
tion. They lay within the parenchyma of the lung as single or multiple nodules and 
frequently were associated with small cystic spaces which varied from pinhead 
size to large bullae 1 to 2 cm. in diameter. When associated with these spaces. 
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Fig. 3.—A, very low-powered photomicrograph of a cut surface of a lung of 
patient R. P. E., showing a dense interstitial thickening of the parenchyma with 
numerous small, scattered air blebs. There are no true cavities or coarse nodules 
here, in contrast to the condition which prevailed in the case of the other patient 
(R. K.). B, low-powered photomicrograph of lung parenchyma of patient R. P. E. 
The fine nodular character of the interstitial reaction is clearly seen. Little air- 
containing lung tissue remains. An adjacent lymph node which is attached to this 
section shows extensive hyalinization. 
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Fig. 4.—A, photograph of the thoracic organs of patient R. K., showing the 
voluminous lungs, which retained their shape after they were removed from 
the body. The pleura is shaggy and deeply injected. B, tramsverse section of the 
heart of patient R. K., showing the increased thickness of the right ventricle, a 
finding common to all patients who die with pulmonary beryllosis. 
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the nodules appeared to be firmly attached to the walls and even projected into 
the lumens of the spaces, frequently appearing as clusters of grapes. In addition 
to these smaller spaces, which had periectly smooth inner linings, there were seen 
larger, shaggy cavities, particularly at the apexes (figs. 4A and 5). The inter- 
vening lung parenchyma was firm and coarse and showed a smooth, ground glass 
appearance. The bronchi and bronchioles contained thick, tenacious mucus. They 
were slightly dilated, and the smaller bronchi and bronchioles had appreciably 
thickened walls. There appeared to be no relationship between the bronchial system 
and the cystic spaces described. Large clumps of firm, grayish white to grayish 
black lymph nodes were found in the lower portion of the neck, at the bifurcation 
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Fig. 5.—A transverse section of a lung of patient R. K. Several features are 
worthy of note: 

1. The fairly dense, beefy parenchyma of the lung in those areas which are 
not cystic. 

2. The cystlike spaces scattered throughout the lung fields, varying from isolated, 
small, rounded, smooth-lined cysts to extensive, irregular cavities. 

3. The scattered chalky white nodules scattered irregularly throughout the lung 
fields. Frequently these nodules are related to the cysts described in the foregoing 
paragraph. The more intimate details of relationship are shown in the higher- 
powered photomicrographs shown in figure 6 

4. The enlarged lymph nodes of the hilar area are usually embedded within 
the lung parenchyma. They are almost completely fibrosed and hyalinized and 
appear chalky white, resembling somewhat the hyaline nodules which are scattered 
throughout the lung parenchyma. 
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of the trachea and above the hilus of each lung. When sectioned, these nodes 


revealed a gritty, granular, grayish white surface without obvious areas of necrosis 
or of calcification. 


PATHOLOGY 


When death results from this chronic pulmonary disease, the external 
appearance of the body is dominated above everything else by extensive 
cyanosis and emaciation. There may be some clubbing of the fingers, 
but an accentuation of the lateral and longitudinal curvature of the nails 
is more common. As an expression of the state of cyanosis and plethora 
of the patients, blood flows unusually freely from all incised vessels 
throughout the course of the autopsy. The serous cavities may contain 
considerable fluid, for hydrothorax and a moderate degree of hydro- 
pericardium are common. In respect to the organs, the most constant 
and most startling gross lesions are seen in the lungs, the pleura and 
the regional lymph nodes. There are also important gross changes in the 
heart, the liver, the spleen and the bones and marrow, but these are 
largely symptomatic and dependent on the irreparable damage to the 
lungs. For example, the heart will show a severe grade of cor pulmonale 
(dilatation of the heart due to pulmonary disease), and thrombosis of 
the dilated right auricular appendage is common; the liver will show 
signs of chronic passive congestion with hemorrhagic central necrosis 
and possibly a degree of congestive cirrhosis; the spleen, as the result 
of congestion and hyperplasia of the pulp, may be doubled in size; the 
bone marrow will be dark red, partly from! congestion and partly as 
the result of hyperplasia of hemopoietic elements, and finally - the 
periosteum of both ribs and long bones may be appreciably thickened. 
In contrast to these secondary lesions, the gross changes in lungs, pleura 
and lymph nodes, because they are primary and because of their 
morphologic, functional and diagnostic importance, must be considered 
apart and in detail. 

Lungs.—Before describing the gross changes in the lungs, we should 
emphasize again that we are dealing here with a very chronic condition, 
and, as in tuberculosis or any other long-standing chronic inflammatory 
disease of the chest, the gross changes will vary considerably from one 
case to another, Because of this, it is not possible, from a study of 1 or 2 
cases alone, to draw a complete or composite picture of the entire disease 
process. Each case will be distinguished by peculiarities of its own in 
respect to the age of the lesions, their extent and distribution, and, 
hecause of this, it seems important, at least until the pathologic changes 
and their genesis are better understood, that each case should be care- 
fully recorded. 


This is a disease involving both lungs about equally, and most of 
the pathologic involvement is concentrated toward the bases. After the 
lungs have been exposed and even after they have been removed from 
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the pleural cavities, they remain in a state of moderate distention (fig. 
4A). They are moderately heavy, for their weight is about doubled. 
The pleural surfaces, especially over the lower lung fields, tend to be 
very shaggy with translucent, stringy and highly vascularized adhesions 
clinging to the visceral surfaces (fig. 4.4). The pleura covering the 
upper lobes, in contrast, is usually smooth, glistening and transparent. 
The consistence of the lung varies: Over the upper halves the under- 
lying parenchyma may be so tense, distended and bullous as to suggest 
at first glance and even to touch the surfaces of a polycystic kidney. In 
the lower lobes the parenchyma is firmer and riddled with small nodules 
2 to 3 mm. in diameter. These areas cut with increased resistance and 
with the sensation of drawing a knife through sand. 

The freshly cut surfaces present a complex picture. In the lower 
lobes, fields of fibrosis riddled with small cystlike air spaces give a 
spongelike character to the surface (fig. 3). The walls of the bronchi 
are thickened and their lumens are dilated and often filled with fluid, 
mucus or pus (fig. 3.4). Congestion is common, and though the 
surfaces are moist, little fluid can be expressed on pressure. All of 
the larger vessels are dilated (figs. 3A and 5), and the lymph nodes 
at the hilus and in the adjacent mediastinum are enlarged, firm, rubbery, 
matted and yellowish gray (figs. 3 B and 5). A striking finding in case 
2 (R. K.) was the presence of distinct firm yellow-white nodules 
throughout both lower lobes (fig. 5). These tended to appear in 
clusters and were more abundant in the periphery adjacent to the pleura. 
Occasionally, these nodules projected into small, smooth-walled, air- 
containing cavities (figs. 6 and 7), mimicking in appearance the papillary 
verrucous projections that are seen in small papillary adenocystomas of 
the ovary. 

In brief, the gross picture of the lungs in this disease is one of a 
long-standing bilateral granulomatous inflammatory reaction, most 
marked in the lower lobes. There are great destruction of lung 
parenchyma, severe emphysema and an irreparable loss of much of the 
capillary bed. 

Microscopic Observations.—The histologic appearance is puzzling 
and difficult to interpret, and though from the standpoint of general 
pathology the picture is simply that of chronic inflammation, it must 
be admitted that this shows several unusual features in respect to both 
type and location. Actually five distinct lesions can usually be demon- 
strated, namely: (1) a focal granulomatous reaction composed largely 
of epithelioid cells and occasionally multinucleated giant cells—the most 
characteristic, most striking and most destructive of the five lesions and 
the one on which the name “focal granulomatous pneumonitis” has been 
based; (2) a distinctly nonspecific chronic interstitial inflammatory 
reaction dominated by a proliferation of granulation tissue rich in lymph 
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follicles, lymphocytes and plasma cells; (3) a serous reaction of the 
interstitial tissue ; (4) a catarrhal or desquamative reaction in the alveolar 
spaces, and (5) an unusual proliferative reaction over the surface of 
the visceral pleura. None of these alone is specific. 


The first of the five lesions warrants a full description not only 
because of its importance in the lung but also because a similar granuloma 
is found in the regional lymph nodes and at times in the liver and the 
spleen, and also, as pointed out by Grier and his associates,’ in the skin 
of patients following the accidental introduction of beryllium compounds. 
In the lung this focal granulomatous reaction is widely disseminated 
throughout the lower lobes (figs. 3B and 5). It is found in the walls 


Fig. 6.—A, cyst of a lung of patient R. K. Large portions of the lung are 
replaced by smooth-lined cysts into which project single or multiple clusters of 
firm, white, fibrous nodules. x 10. B, large cyst of the same lung. The larger 
cysts which appear in the lung parenchyma are usually thick-walled. The linings 
of the cysts are perfectly smooth except for the projecting nodules, which are 
intimately attached to the walls. x 10. 


of alveoli, atriums and alveolar ducts and in the walls of small bronchioles 
and lymphatic channels (fig. 8). 


In its earlier stage of development 
the granuloma appears as a compact collection of histiocytes, and when 
this takes place in the alveolar walls, there is a subsequent collapse of 
the adjoining alveolar spaces (fig. 84). The lining epithelium of the 
latter then appears as an uninterrupted layer of large cuboidal cells 


9. Grier, R. S.; Nash, P., and Freiman, D: G.: Skin Lesions in Persons 
Exposed to Beryllium Compounds, J. Indust. Hyg. & Toxicol. 30:228, 1948. 
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which give to the alveolus the pattern of a gland. With progressive 
thickening of the alveolar walls there is corresponding narrowing of 
the alveolar spaces, so that in time the opposing epithelial surfaces 
touch, and then the lining cells desquamate and disappear. In this way 
many alveoli become completely erased and transformed into a nodular 
mass of histiocytic granulation tissue. A similar picture is seen in 
the walls of the alveolar ducts and atriums, but here, because of their 


Fig. 7.—Portions of the lung of patient R. K. show a bullous character with 


formation of well defined cysts. Firm, chalky white, fibrous nodules are frequently 
attached to the cyst walls. « 50. 


larger size, the invaginating granulomatous masses mimic the pattern 
of an intracanalicular papillary adenofibroma. In the small bronchioles 
the nodules of granulation tissue protruding into the lumens lead to 
an obliterating bronchiolitis. 

This same focal granulomatous reaction is equally well defined along 
the course of many of the lymphatic vessels of the lung. Here, nodules 
of granulation tissue, in the form of long chains, not only obstruct the 
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Fig. 8.—A, section of lung of patient R. P. E. The basic reaction in the lung 
is a chronic proliferative interstitial pneumonitis. The reaction is characterized 
by extensive proliferation with accumulation of clusters of histiocytes, lymphocytes 
and fibroblasts to form small “tubercles.” The reaction starts within the alveolar 
walls, causing marked thickening of the walls, with obliteration of the capillaries 
and compression of the alveoli. The cells lining the alveoli are swollen, and appear 
in the photograph as well defined cuboidal cells, resembling a layer of glandular 
epithelial cells. A few remaining alveoli appear as slitlike spaces lined by these 
cuboidal cells. « 100. 

B, photomicrograph showing the progression of the nodular granulomatous inflam- 
matory reaction within the lymphatic vessel. The vessel is completely destroyed, 
and the reaction extends beyond the confines of the original lymphatic wall. The 
nodule or “tubercle” which is formed within the lymphatic channel is similar in 
all ways to the “tubercle” formed in the interstitial tissues of the lung. 100. 
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lymphatic channels but extend over into the adjacent connective tissue 
(fig. 8B). This proliferative lymphangitis partly accounts for the 
unusual thickness of the walls of the bronchioles and blood vessels as 
seen in the gross (fig. 3.4), for it is about these structures that the 
lymphatic vessels of the lung are most concentrated. 

The subsequent development of the granulomatous nodules may take 
one of several courses. Beginning at the periphery, reticulum fibrils 
may appear between the individual cells. As organization progresses, 
collagen increases, resulting ultimately in small foci of sclerosis. Multi- 
nucleated giant cells, which may be seen in any of these stages of 
maturation of the granulation tissue, tend to remain at the periphery. 
These cells are of the Langhans and foreign body types, and often they 
contain crystalline materials, conchoidal or Schaumann *® bodies and 
spiculated particles (fig. 9.4). A second change that is seen in these 
granulomas is a coalescence to form larger conglomerate masses. This 
may be followed by central necrosis and by central deposition of fibrin 
(fig. 9B). In time, these larger masses tend to undergo organization 
and to become completely hyalinized (fig. 9C). In this state, they 
may remain embedded in granulation tissue, or they may disintegrate 
and, by elimination, leave cystlike spaces and small cavities bordered 
by fibrous tissue. Occasionally, clusters of hyalinized and disintegrating 
nodules of this type, still attached at one or two points, may project 
as warty growths into small cystlike cavities (figs. 6 and 7). 

From the standpoint of histology the other four types of inflammatory 
lesions that are found in the lungs of patients with this disease are 
neither as distinctive nor as destructive as the granuloma just described, 
and, for simplicity, they may be considered together. The second most 
common lesion is a type of chronic inflammation that is found in almost 
every form of chronic pneumonitis, whatever the cause. It is pre- 
dominantly interstitial in distribution and is represented by a proliferation 
of fibroblasts and by an infiltration of lymphocytes and plasma cells. 
In the large and small blood vessels this may appear as proliferative 
endarteritis or endophlebitis. The third type of reaction has been 
referred to on a foregoing page as a type of serous inflammation. This 
appears as a fluid exudate, rich in protein, about the blood vessels 
of the interstitial tissue. The fourth type of reaction is located within 
the alveolar spaces. These are filled with large, single and multinucleated 
histiocytes laden with lipoid material. The fifth and last type of inflam- 
mation is confined to the surface of the pleura, which may be covered 
by a very loose, highly vascular, edematous growth of granulation 


10. Schaumann, J.: On the Nature of Certain Peculiar Corpuscles Present in 
the Tissues of Granulomatosis Benigna, Acta med. Scandinav. 106:239, 1941. 
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Fig. 9—A, enlarged photomicrograph showing one of the numerous foreign 
body type giant cells accompanying the inflammatory reaction in the lung of 
patient R. P. E. This giant cell shows a well defined “asteroid body.” 400. 

B, section of lung of patient R. P. E. The proliferation of the interstitial tissues 
eventually leads to complete obliteration of the alveolar pattern. The degree of 
cellularity of the proliferative reaction varies. As the lesions progress and coalesce, 
fibroblastic proliferation may predominate and lead to considerable scarring. This 
scarring may become even greater if the granulation is accompanied by necrosis of 
tissue, as is seen above, This necrosis is “fibrinoid” in character. & 100. 

C, section of lung of patient R. K. In some instances the process of fibrosis 
results in the formation of dense hyalinized nodules which are sharply defined from 
the surrounding tissue. & 100. (See figs. 5, 6 and 7.) 
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tissue, devoid of fibrin. This particular reaction is very much like that 
found on serous surfaces in the course of some of the so-called “collagen 
diseases.” 

Still other lesions that may be found, which appear to be dependent 
on the inflammatory changes already described, are: (a) areas of extreme 
congestion in which capillaries showing maximal dilatation appear 
as endothelium-lined sinuses distended with blood; (6) small hemor- 
rhages involving the interstitial tissues, often associated with focal 
patches of hemosiderosis; (c) patchy and excessive anthracotic pig- 
mentation, particularly in the walls of larger nodules; (d) small multiple 
emboli, with and without infarction, and, lastly, (e) terminal bronchitis 
and bronchopneumonia. 

Little attempt has been made, in the course of this description of 
the pathologic involvement of the lungs, to separate primary from 
secondary lesions, for more important from a functional standpoint is 
the fact that all of these changes may be found in the same lung field, 
and each in its own way, by interfering with respiration, helps to bring 
about ultimate pulmonary failure. 


DIFFERENTIAL ANATOMIC DIAGNOSIS 


In the first autopsy reports of the pulmonary beryllosis occurring 
in this community the granulomatous changes observed in the lungs 
were regarded as those of sarcoidosis,’' and it must be admitted that in 
their early stage of development there is a close histologic resemblance. 
Tuberculosis is another condition that must be considered in a differential 
diagnosis, for, if the discrete nodules are like those of sarcoidosis, they 
may resemble even more closely solitary tubercles. Furthermore, in 
silicosis and in chronic infections of both bacterial and viral origin, as 
well as in some of the pneumonoconioses, there can be such a degree of 
scarring of the lungs with cystic dilatation that without a specific history 
a definite gross anatomic diagnosis of chronic pulmonary beryllosis 
would be difficult, if not impossible, to establish. Yet it must be admitted 
that the over-all picture of the lungs, including both the gross and the 
histologic changes, is fairly characteristic of this disease. 


COMMENT 


The etiologic and epidemiologic problems of pulmonary beryllosis 
have not yet been satisfactorily solved, since this particular form of 
chronic granulomatous pneumonitis has not been successfully reproduced 
in animals. The fact, however, that this disease was first discovered 


11. Higgins, H. L.: Etiology of Boeck’s Sarcoid (A Study of the Occupational 
Histories of Six Cases Arising in Massachusetts); a confidential report to the 
management of the Sylvania Electric Products, Inc., 1944. 
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among beryllium workers, that beryllium has been found in the lungs, 
though in infinitesimally small amounts, in persons dying with this 
disease and that no new cases have appeared in this community since 
the percentage of beryllium in the fluorescent powders has been sig- 
nificantly reduced strongly suggests that beryllium, alone or in combina- 
tion, constitutes the most important single extrinsic etiologic agent. 

The problem of correlating the clinical signs and symptoms with 
the gross and histologic abnormalities seems to be comparatively simple, 
since the extent of pulmonary damage alone, involving alveoli, atriums, 
alveolar ducts, bronchioles, blood vessels and lymphatic channels, appears 
to be quite adequate to explain the complete clinical syndrome. 


SUMMARY 


The results of autopsies of 2 patients dying as the result of chronic 
pulmonary beryllosis are reviewed, and the gross and histologic changes 
observed in the lungs are described and illustrated in detail. Though 
beryllium has not been directly incriminated as the sole etiologic agent 
in this disease, it appears to be a most important factor. This is a 
comparatively rare clinical and anatomic entity; yet an understanding 
of it is important, because preventive measures appear to be the only 
means of satisfactorily controlling it. 
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DISTRIBUTION AND EXCRETION OF INTRAVENOUSLY 
ADMINISTERED METHYL CHLORIDE 


FREDERICK SPERLING 


F. J. MACRI 
AND 
W. F. von OETTINGEN 
BETHESDA, MD 


REVIOUS work done in this laboratory ' indicated that when dogs 

were exposed to methyl chloride vapors the concentrations of which 
were 15,000 and 40,000 parts per million (p.p.m.) of air, both blood 
and tissue concentrations remained constantly at a low level contrary to 
all expectations, even though they increased somewhat as the concentra- 
tion of the methyl chloride vapor was increased. For this reason experi- 
ments were designed to determine the distribution and the excretion of 
methyl chloride after intravenous injection of measured amounts. 


EXPERIMENTAL PROCEDURE 


Propylene glycol,? which is not innocuous but is relatively nontoxic, and in 
which methyl chloride dissolves readily and in fairly high concentration, was used 
in two series of experiments as the vehicle to introduce methyl chloride intra- 
venously. As injected it contained between 13 and 18 mg. of methyl chloride per 
cubic centimeter. This solution was prepared by passing the gas through the liquid 
for several hours; it was then stored in a filled glass bulb, under refrigeration. 
Required amounts were withdrawn through a side arm closed with a ground glass 
stopcock, by displacing the mixture with mercury. Injections were made into 
the left femoral vein, and blood samples were withdrawn from the right femoral 
vein. One cubic centimeter of mixture per kilogram of body weight was the usual 
dose, and since propylene glycol is viscous, it took about one minute to inject 10 
cc. or more through a no. 20 needle. 


In the first series of experiments, the blood samples were withdrawn, two, 
seven, seventeen, and occasionally thirty minutes after injection. They were drawn 


From the Laboratory of Physical Biology, Experimental Biology and Medicine 
Institute, National Institutes of Health. 

1. von Oettingen, W. F.; Powell, C. C.; Sharpless, N. E.; Alford, W. C., 
and Pecora, L. J.: Studies on the Relation Between the Toxic Action of Chlorin- 
ated Methanes and Their Chemical and Physicochemical Properties, National 
Institute of Health Bulletin No. 191, Federa! Security Agency, United States Public 
Health Service, 1949. 


2. Lehmann, A. J., and Newman, H. W.: Propylene Glycol: Rate of Metabo- 
lism, Absorption and Excretion, with a Method for Estimates in Body Fluids, J. 
Pharmacol. & Exper. Therap. 60:312, 1937. 
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into syringes in which a little sodium oxalate and a little liquid petrolatum were 
present. The oxalate mixed with the blood and prevented coagulation, and the 
oil overlaid the blood, serving to prevent the loss of any free gas that might 
escape from the blood. 

With some of these animals, samples of expired air were collected through 
a tracheal cannula in glass bottles by water displacement. In some instances the 
urine was collected under liquid petrolatum by cannulating both ureters. 

In another series of experiments “short arterial injections” were made. The 
left femoral artery was divided at the level above the origin of the popliteal 
artery and a T cannula inserted. The left femoral vein was also divided, the 
central end ligated and a straight glass cannula inserted into the peripheral end. 
The projecting arm of the T cannula was closed with a rubber serum-vial stopper, 
so that injections could be made into the artery without loss of blood, and 
systemic blood could enter the leg readily and continuously. On injection, blood 
was withdrawn through the venous cannula, and since the central end of the 
vein was ligated, none of the methyl chloride was distributed systemically. This 
was verified by the negative results obtained by testing the tissues of the right 
limb, and by the blood pressure records. 

One third to one half of the total blood of the animal was so withdrawn and 
analyzed for methyl chloride, most often in the quantities of two 100 cc. samples fol- 
lowed by a number of smaller samples. The cannula was closed in the very 
short interval between the withdrawals of samples. On completion of the with- 
drawals, a portion of the pastrocnemius muscle was removed for analysis and 
placed under oil. The remainder of the muscles of the calf were then dissected 
out and weighed. 

In both these experiments the carotid blood pressure was recorded by means 
of a mercury manometer on a long paper kymograph, and in the first series the 
respiration was also recorded by means of a tambour from the cannulated trachea. 
In some cases, after the completion of the short arterial injection and the removal 
of muscle samples, the femoral artery was ligated and a systemic experiment con- 
ducted, injections being made into the right femoral vein and blood withdrawals 
made either from the jugular vein or from the cannulated right femoral artery. 

In later experiments methyl chloride was introduced as free gas. It was found 
that introducing it through,a T cannula into the femoral vein by means of a no. 
26 needle and dispensing the gas from a gas buret|at a rate as low as 100 cc. per 
minute minimized the size| of the gas emboli and, aside from transient blood 
pressure effects, produced little if any injury. Refilling the buret took about one 
minute for each 200 cc. of gas. Venous blood was obtained from the femoral vein 
of the other leg. In these experiments blood pressure records were kept as 
described in the foregoing paragraph, along with records of the respiration and 
minute volume of air. The trachea was cannulated and a T tube connected to 
it by a very short length of rubber tubing. The T tube had one way valves as 
described by von Oecttingen, Donahue, Valaer and Miller,’ so that air could be 
inhaled through one arm and exhaled through the other. The outlet arm was 
connected by a Y to a tambour and to a gas meter to register the volume. 
After passing through the gas meter, the air was collected in a large spirometer 

3. von Oettingen, W. F.; Donahue, D. D.; Valaer, P. J., and Miller, J. W.: 
Studies on the Mechanism of Carbon Monoxide Poisoning as Observed in Dogs 
Anesthetized with Sodium Amytal, Public Health Bulletin No. 274, p. 3. Federal 
Security Agency, United States Public Health Service, 1941. 
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of about 130 liter capacity. An electrical connection recorded on the kymograph 
each liter passing through the meter. Periodic air samples were taken by water 
displacement. 

In one group of animals samples of exhaled air, urine, bile, blood, heart, 
liver, spleen, kidney, stomach (greater curvature) and brain (part of the cerebrum 
and the entire cerebellum, pons Varolii and medulla oblongata) were taken one 
hour after the injection. In another group similar samples were taken immedi- 
ately after injection with the exception of urine and air, which could not be col- 
lected because of the short interval of time. All of the tissues were removed 
from the living dog, with the animal under deep anesthesia, except the brain, 
which was removed after death. 

In a supplementary series of experiments a sample of muscle (tibialis ante- 
rior) was taken immediately after injection, and another sample from the other 
leg one hour later. 

Methyl chloride was determined by the modified combustion method of Alford.* 
The Volhard method used in this procedure was found to have an error of + 0.06 
mg. of methyl chloride and was therefore replaced by a turbidimetric method 
which had an error of + 0.008 mg. at 0.000 mg. concentration and an error of 
+ 0.038 mg. at 2.000 mg. concentration. The method consisted essentially in 
acidifying the carbonate-arsenite absorbent solution with 5 cc. of concentrated 
nitric acid in a 250 cc. volumetric flask, bringing the volume up to about 22 
cc. shaking the mixture, adding 5 cc. of twentieth-normal silver nitrate with swirling, 
bringing it up to volume and letting it stand for from five to ten minutes in a dark 
place. The concentration in the sample was then determined with a Coleman 
Universal Spectrophotometer, model 11. A wavelength of 350 angstroms was 
used. The instrument was standardized with water, the per cent transmission 
being set at 100 and the galvanometer at 0. The per cent transmission, which 
represented maximum absorption, was converted to milligrams of methyl! chloride 
by using a standard curve on semilogarithmic paper which had been prepared by 
using known amounts (0-12 mg.) of potassium chloride under the same conditions. 

Kymograph records were made with the usual vertical, long paper kymograph, 
which was adapted to continuous feed and to ink writing. About 60 feet (18 
meters) of paper was wound around the free drum, which was slowed by friction 
washers placed about the axle. The paper was then connected diagonally to the 
motor-driven drum. Capillary-fed ink-writing pens were used on the signal mag- 
nets, the tambour and the mercury manometer. Recording was done on the free 
drum. In this way continuous records were kept during more than five hours of 
experimentation. Records made in this way are permanent, do not require special 
preparation and are not interrupted by replacement of paper. The method also 
permits forty-five minutes of record to be kept constantly in view when the kymo- 
graph is run at about 25 mm. per minute. 


RESULTS 
Prior to the administration of the methyl chloride-propylene glycol 
mixture, an identical amount of propylene glycol was injected intra- 
venously. This resulted in a sharp, transient drop in blood pressure. 
After the blood pressure returned to normal, a few minutes were 


4. Alford, W. C.: An Improved Method for the Determination of Volatile 
Halogenated Hydrocarbons in Blood and Other Biological Materials, J. Indust. 
Hyg. & Toxicol. 20:396, 1947. 


. 
i 
q 
q 
3 
% 
4 
& 


218 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


allowed to pass before the mixture was injected. The injection of the 
mixture produced the same response as the propylene glycol alone. 
There were no apparent changes in blood pressure or in respiration 
which could be attributed to methyl chloride. 

It can be seen from table 1 that after the administration of the 
propylene glycol-methyl chloride mixture, only about 8 per cent of 
the methyl chloride injected could be detected in the blood in the two 
minute sample. During the interval between two and thirty minutes the 
rate at which methyl chloride disappeared from the blood was much 
slower, so that at seven minutes about 6 per cent could be detected, 
at seventeen minutes about 4 per cent and at thirty minutes only traces. 

Much the same rate of disappearance occurred when methyl chloride 
was given intravenously as a gas (table 1). The amounts administered 


Taste 1.—Percentage of Injected Methyl Chloride Present in Blood at Various 
Times After Injection 


Amount 
Body CHst! Percentage Recovered at Given Time 
Weight Injected, - 
Kg Me. 2 7 17 30 


Experiment tsing Propylene Glyco! 
Methyl] Chloride Mixture 


Experiment Using Gaseous Methyl Chloride 


in this way varied between 600 and 1,600 cc. of gas (three to eight 
doses), which equals 1,200 to 3,600 mg. of methyl chloride. The time 
involved in this procedure ranged between eight and thirty minutes. 
Since a free gas is being introduced, gas emboli are to be expected, and 
the effects of this could be seen in the rise and irregularity of the blood 
pressure. However, the rate was slow enough, and the gas stream fine 
enough, so that the emboli had no more than a transient effect, which 
disappeared as soon as administration stopped. 

As soon as the last dose was administered, a blood sample was 
taken from the opposite leg. It should be pointed out that since methyl 
chloride disappears rapidly from the circulation and the intervals of 


time involved in the administration of the gas are relatively long, most 
of the gas had disappeared at the time the first sample was taken, and 
this sample will be more a reflection of the last dose given than of the 
total dose. However, later samples reflect more closely the total amount 
injected, because the rate of disappearance diminishes with time. For 


Ue Dog 6 Min. 
8. 7.0 108 8.7 5 2.5 Trace 
43 59 ves 64 “0 5.9 Trace 
J 1480 45 Sa 1.9 0.6 
10.8 1680 4.2 1.5 
28... 18.5 1680 13.1 2.7 
29.. 13.8 2780 6.6 15 0.7 
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the animals shown in table 1 the first samples, taken at zero time, con- 
tained between 4.5 and 13.1 per cent of the amount injected. In 5 of 7 
other animals, from which only one blood sample was taken, the amounts 
recovered at zero time ranged between 5.9 and 6.8 per cent. The 
sample from one of the remaining 2 animals showed only 2.65 per cent 
of the amount injected, while that from the other showed 12.7 per cent. 
In 3 other animals single samples taken at sixty minutes gave between 
1.41 and 2.52 per cent. 

The rate at which methyl chloride disappeared from the blood stream 
followed the same pattern with both the propylene glycol—methyl chloride 
mixture and with the free gas, and averaged about 90 per cent initially. 
In sixty minutes about 98 per cent of the amount injected had dis- 
appeared from the blood stream. The similarity between the rates of 
disappearance with the two methods of administration is of significance, 
for it indicates that the methyl chloride disappears at a regular rate, 
rapidly at first, regardless of whether it is given in solution or as a gas, 
and even though the doses may differ by ten times or more. 

\s will be shown subsequently, excretion, whether renal, biliary or 
pulmonary, is low, and cannot account for the loss. The implication, 
then, is that the low blood levels are due to factors other than excretion. 
That the blood does not decompose methyl! chloride is seen from previous 
work ° and from preliminary work in these experiments in which known 
quantities of the gas were passed directly through the blood or were 
added as a gas-propylene glycol mixture, with recovery of these amounts 
on analysis after various periods of time. 

Pulmonary excretion accounts for only a small percentage of the 
total amount of methyl chloride injected. From 2 animals given injec- 
tions of propylene glycol—-methyl chloride solution samples of air were 
taken immediately after the injections. After the admimstration of 
58.76 mg. of methyl chloride (6 cc. of the solution) to dog 10 and 152.78 
mg. (10 cc. of the solution) to dog 11, 10 liters of air collected during 
the first six and nine minutes, respectively, contained a total of 3.307 mg. 
and 1.799 mg., respectively. As will be shown later, the amount of 
methyl chloride excreted by the lungs falls progressively with time, so 
that the total excreted at the end of thirty minutes by dog 10 would be 
about 5 mg., which is 8.5 per cent of the total injected, and by dog 11, 
2.8 mg., which is 2 per cent of the total injected. In neither case can 
pulmonary excretion account for the rapid loss of the methyl chloride 
injected into the blood stream. 

After the intravenous injection of the gas, the amount of methyl 
chloride exhaled was also of a low order and similar to the percentage 
exhaled after the injection of the propylene glycol-methyl chloride mix- 


5. von Oettingen and others.’ Alford.* 
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ture (see table 2). In 5 of 7 animals from which all of the exhaled 
air was collected for one hour in a large spirometer, collection starting 
simultaneously with the administration of the gas, the total amounts 
excreted ranged between 2 and 6 per cent of the total amount injected. 
One animal (28) appeared to excrete almost 25 per cent of the total 
amount injected, and another (26) about 30 per cent. We cannot 
explain the high results obtained from these animals. It is possible 
that contamination was a factor. 


Table 3, showing percentages of injected methyl chloride per liter 
of expired air at various intervals of time, reveals that the concentration 


Taste 2.—Pulmonary Excretion of Methyl Chloride 


Time Total 
Elapsed Amount of Total Amount of 
After Injec- Expired Air Cortent of CHsC! Percentage 
tion, Min. Collected, L. CHsOl, Mg. Injected, Mg. Exereted 


TABLE pit amin vas of Injected Methyl Chloride per Liter of Expired Air at 
Various Times After Injection 


x 100 


| Mg. of CHaC! per Liter of Air ) 
Mg. of CHaCl Injected 


Amount 

Body CHasCl Percentage Recovered at Given Time 
Weight, Injected, —-—-— 
Kg. Mg. «0 wo 6 70 170 Min. 


0.06 0.04 


drops rapidly, in a manner similar to the decrease observed in the blood, 
so that the concentration in the expired air may be regarded as a reflec- 
tion of the concentration in the blood. - 

Methyl chloride is excreted in the urine, but the amounts recovered 
represent very small fractions of the amounts injected. With intra- 
venous injection of the propylene glycol-methyl chloride solution, and 
with methyl chloride gas, the total amounts excreted in thirty to sixty 
minutes ranged from 0.1 to 0.4 mg. 

Biliary excretion accounts for a small percentage of the methyl 
chloride lost. Bile was collected directly from the gallbladders of 6 
animals which had received injections of the gaseous methyl chloride. 
Immediately after the injections the amounts ranged from 0.01 to 0.04 
mg. per cubic centimeter, and sixty minutes later the amounts ranged 


Dog 
111 262.138 $601 6.27 
23.. 106 35.60 2.12 
: 108 97.74 1680 5.82 
104 “ | 1680 2.62 
ts 58.5 416 1680 24.8 
105 124.4 2730 4.55 
— 
Dog 
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from 0.03 to 0.04 mg. per cubic centimeter (see table 4). The amounts 
recovered are so small that they hardly account for any significant loss 
of the gas. 


Inasmuch as pulmonary, biliary and renal excretion could not account 
for the rapid and large loss of the methy! chloride injected into the 
blood stream, a series of experiments were done in which a short 
arterial injection was made, to determine to what extent methyl chloride 
was removed from the blood stream by muscle tissues. Instead of the 
fall of blood pressure associated with the systemic introduction of 


TaBLe 4.—Concentration of 


Methyl Chloride in Various Tissues and Fluids 


Blood 


Time,* Brain, Heart, Liver, Spleen, Kidneys, Stomach, Conce., Urine, Bile, 

Dog Min. Mg./Gm. Mg./Gm. Mg./Gm. Mg./Gm. Mg./Gm. Mg./Gm. Mg./Ce. Mg./Ce. Mg./Ce. 3 
0.009 0.011 0.008 0.000 0.012 0.022 0.123 0.01 
35..... 0.011 0.009 0.004 0.0% 0.000 0.019 
0.008 0.013 0.0894 0.016 0.008 0.012 0.135 0.040 
33. 0 0.004 0.012 0.008 0.010 0.011 0.010 0.122 weded 0.087 
0.004 0.00 0.007 0.023 0.017 0.041 0.041 0.089 
oo 0.004 0.018 0.000 0.000 0.000 0.089 0.089 0.081 
0.008 0.000 0.000 0.010 0.010 0.085 0.014 


* This means the survival time following last dose 
1 The high value probably represents contamination. 


Taste 5.—Methyl Chloride Recovered After Short Arterial Injection of Methyl 
Glycol Mixture 


Coneen- Total 
Amount Amount of CHaCl Recovered Percentage tration CHsCl Percentage Total 
Experi of CHsCi in 460 Ce. of Blood, Mg. ofOHsCl of inleg of CHsCl CHsCl_ Percentage 
ment Recovered in Muscle, Muscle, in Musele, Recovered, of CHa q 
Total from Blood Mg./Gm. Cale. Mg. Cale. % Mg. Recovered 


4 29.0 
16 241.33 13.55 1.02 25.97 10.76 001 1.61 6 7.58 11.37¢ 
18 206.85 20.97 0.81 32.18 15.50 0.08 3.50 1.13 35.68 16.63 
19 219.73 14.22 0.81 30.24 13.80 0.04 5.58 35.82 16.68 


* Only 100 ce. was taken. 
+ An undetermined amount was lost during analysis, owing to leak. 


propylene glycol, in these experiments there was a small rise associated 
with a decreased heart rate, and an extension of the leg, even though 
the animal was under deep anesthesia. It may be assumed that these 
are reflex pain reactions associated with tension on the arterial walls. 
The absence of the systemic effects of propylene glycol can be taken 
to indicate that none of the mixture entered systemically. Tissue 
samples from the opposite leg gave negative results for methyl chloride. 


Aside from dog 11, from which only one tenth of the total blood 
volume was withdrawn, it can be seen from table 5 that only about 15 
per cent of the methyl chloride was recovered from 460 cc. of blood. 
The greatest proportion of the methyl chloride was recovered in the 
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first 100-200 cc. of blood. The last 30 cc. taken contained only small 
amounts. The muscle tissue accounted for less than 3 per cent of the 
total injected. It should be noted that the concentration per gram of 
muscle is of the same order of magnitude as the concentration per cubic 
centimeter of blood at the time the muscle tissue was excised. 


In 3 other dogs samples of the tibialis anterior muscle were taken 


ten minutes and sixty or more minutes after the systemic injection of 


gaseous methyl chloride (see table 6). Estimating the weight of the 
muscles to be about one-half the body weight of the animal, one finds 


that in these dogs the amount of methyl chloride estimated to be in 


muscle drops from an average of about 12 per cent to about 2 per cent 


Panty 6.—Results of Muscle Analysis in Experiments in Which Gaseous Methyl 
Chloride Was Injected 


Estimated 
Amt.of Estimated Amt. of Total 
Body CHsCl Wt.of in CHatl Estimated 
Weight, Injected, Muscles, Muscle, Injected, Percentage 
ig Mg. Kg Mg./Gm. Mg. Tire Present 


10.8 54 0.026 M04 lot 8.34 


0.0068 


0.0664 


0.000 


* Time after first dose. 
t Time after last dose, 


of the total injected. There was no evidence, therefore, that the muscles 
serve as the reservoir for methyl chloride. 


In order to find another site of possible storage, other tissues were 


analyzed for methyl-chloride. From 7 animals, brain, heart, liver, spleen 


and kidneys were taken and, in addition, a portion of the greater curva- 
ture of the stomach. Immediately after injection methyl chloride could 
be found in all tissues and fluids in remarkably constant amounts (see 
tables 4 and 7). After one hour some specimens showed methyl! chlo- 
ride absent from the liver and the heart. 


The calculation of the probable total amount of methyl chloride 
in each organ was based on the weight of the entire organ, which was 
estimated on the basis of its ratio to body weight.*. Blood was taken to 


6. Sisson, S.: The Anatomy of Domestic Animals, ed. 3, revised by J. D. 
Grossman, Philadelphia, W. B. Saunders Company, 1947 
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be 9.5 per cent of the body weight of the dog.’ The collections in the 
spirometer indicated that about 5 per cent of the total methyl chloride 


injected was exhaled in one hour. Within ten minutes of the start of 


the injections, about 20 liters of air was exhaled, containing about 4 mg. 


of methyl chloride per liter. These estimates were used for total cal- 


culated recovery in instances in which animals were killed immediately 
alter the last dose was injected. 


These figures being used, it can be seen from table 5 that all tissues 
and body fluids accounted for 18 to 20 per cent of the total methyl chlo- 


Taste 7.—Total Calculated Amounts of Methyl Chloride Recovered from 
Various Tissues 


Ke. 
Survival time, mio 
Amount injected, mg. 1,680 


Caleulated amount recovered, mg.: 
Brain (1%)* 098 
Heart (2%)...... 
Liver (3%).. 
Spleen (0.5%).... 
Kidneys (1%).... 
Stomach (1%). 


Totals 
Urine 
Bile ..... 


Blood (9.5%)*. 
Muscle (50%).. 


Totals... 


Percentage recovered: 
Tissues and fluids. 


Total CHsC! 
recovered, mg..... 


Percentage recovered 


from all sources 24.0 21.6 23.0 


* The percentage represents the approximate proportion of organ weight to body weight 
(6, 7). 


+ This is based on 12 per cent of the amount injected 

t This is based on 8 per cent of the amount injected 

§ Thie is based on spirometer collection showing approximately 5 per cent of the amount 
injeeted being exhaled in one hour 


This is the estimated percentage recovered within ten minutes after the last dose; It Is 
based on an estimated volume exhaled of 20 liters at 4 mg. per liter. 


ride injected when sampling was done immediately after the last dose was 
injected. An hour later, only between 5 


5 and 6 per cent could be 
accounted for in the tissues and fluids. If the amount excreted by the 


lungs is added, 21 to 24 per cent of the methyl chloride could be 
detected immediately, and within one hour this dropped to between 10 
and 11 per cent. Thus there was an immediate loss of 70 to 80 per cent 


7. Krieger, H.; Storaasli, J. P.; Friedell, H. L., and Holden, W. D.: A 


Comparative Study of Blood Volume in Dogs, Proc. Soc. Exper. Biol. & Med. 
68:511, 1948. 
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of the total methyl chloride, and in an hour the loss had‘reached about 
90 per cent. Again, it is to be noted that this drop followed that of 
the concentration found in the blood stream, and that the concentration 
in the blood stream can be used as an indication of the tissue concentra- 
tion as well as a measure of the methyl chloride lost from the entire 
organism. 

All of the evidence presented here indicates that there is an extremely 
efficient mechanism which removes most of the methyl chloride from 
the blood stream in a very short time. However, a small but relatively 
constant proportion can be detected for long periods. No route of 
excretion appears to serve for the elimination of more than a small frac- 
tion of the total introduced into the animal. The nature of *he mecha- 
nism by which the methyl chloride is removed from the organism has 
yet to be elucidated. It may be that there are storage places into which 
methyl chloride is removed from the blood, and from which it is released 
slowly, so that the saturation of both blood and tissues is maintained at a 
relatively constant level; for the degrees to which methyl chloride is 
soluble in blood and tissues are not known and may be as low as is 
indicated by the concentrations found there. 

Another alternative is a metabolic destruction of methyl chloride in 
the tissues. The fact that 80 per cent is lost in a few minutes and 50 
per cent of the remainder in a period of an hour suggests that whatever 
the metabolic or detoxification activities are, they are initially very rapid 
and become much slower in a short time. Similar phenomena are not 
unusual, but metabolic destruction of such large quantities as were intro- 
duced when methyl chloride was injected as a gas are unusual. It 
appears, therefore, that the ultimate fate of methyl chloride and the 
mechanisms involved in its disappearance still require investigation. 


| 


CONCLUSIONS 


1. Methyl chloride, whether given as the pure gas or in solution 
in propylene glycol, disappears from the blood stream with extreme 
rapidity. About 80 per cent is lost almost immediately and another 
10 per cent in about an hour. 

2. Pulmonary excretion accounts in one hour for only about 5 per 
cent of the total injected. 

3. Bile accounts for the excretion of a small amount of methyl 
chloride. 


4. Small amounts of methyl chloride are excreted in the urine. 
5. Methyl chloride can be detected in comparable amounts in brain, 
heart, liver, stomach, spleen, kidneys, muscle and blood. 


6. The blood concentrations reflect tissue retention, and pulmonary 
excretion reflects blood concentration. 
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VAPOR TOXICITY OF 1,1,1-TRICHLOROETHANE (METHYL- 
CHLOROFORM) DETERMINED BY EXPERIMENTS 
ON LABORATORY ANIMALS 


E. M. ADAMS, Ph.D. 
H. C. SPENCER, Ph.D. 


Vv. K. ROWE, MS. 
AND 

D. D. IRISH, Ph.D. 

MIDLAND, MICH. 


HE COMPOUND 1,1,1-trichloroethane is a material which has 

good solvent properties and which has become available com- 
mercially. It has been known to possess an appreciable anesthetic 
action,’ but the information is not sufficiently coniplete to indicate the 
probable toxic hazards for man. It also has the property of sensitizing 
the heart to epinephrine.* The practical importance of the latter action 
in industrial exposures is as yet uncertain. 


In the present work, groups of laboratory animals were subjected 
to exposures of various intensities, within the ranges of 650 to 30,000 
p-p.m. and 0.1 to 7 hours, with appropriate observations to yield the 
following results: 

1. An estimate of the single exposures permitting 50 per cent 
survival of rats. 

2. An estimate of the most intense single exposures permitting 
100 per cent survival of rats. 


3. A description of the gross response and the organic injury pro- 
duced in rats by single exposures. 


4. An estimate of the most intense single exposures without detect- 
able organic injury in rats. 

5. An estimate of the maximum vapor concentration without 
detectable adverse effect in each of several species of animals when 
they were exposed 7 hours daily 5 days a week for 1 to 3 months. 


From the Biochemical Research Laboratory, The Dow Chemical Company. 

1. Lehmann, K. B., and Flury, F.: Toxikologie und Hygiene der technischen 
Lésungsmittel, Berlin, Julius Springer, 1938, p. 123. 

2. Rennick, B. R.; Malton, S. D.; Moe, G. K., and Seevers, M. H.: Induction 
of Idioventricular Rhythms by 1,1,1-Trichloroethane and Epinephrine, Federation 
Proc. 8:327, 1949. 
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EXPERIMENTAL PROCEDURES 


Material Tested—The material tested was a redistilled commercial product 
with a boiling point of 74.1 C. and a specific gravity ef 1.435 at 25°/25° C. 
Infra-red ray absorption spectrums of the various lots of material showed 1,2-di- 
chloroethane to be the only impurity, with a maximum concentration of | per cent. 

Single Exposures.—A glass-walled chamber of about 160 liter capacity was used. 
Two large copper tubes (closed with rubber stoppers) were soldered into the monel 
top of the chamber so that rats could be introduced after a vapor concentration 
had been established. A constant air flow was maintained through the chamber, 
the lowest rate used for any one experiment being about 15 liters per minute 
and the highest about 30 liters per minute. The desired vapor concentration was 
obtained by metering liquid 1,1,1-trichloroethane at a constant rate into the tube 
through which air entered the chamber, heat being supplied at the point of addition 
as needed to effect complete volatilization. The rats in groups of 5 to 12 were 
introduced into, and were also removed from, the chamber within a time interval 
of about 15 seconds. 

All the rats were selected on the basis of general appearance and apparent 
good health, males and females being used in approximately equal numbers. They 
were observed for their behavior, body weight changes and time of death. Histo- 
pathologic examinations, for tissue changes, were made on special groups of rats, 
separate from those used to determine the relationships between intensity of 
exposure and survival. 

Repeated 7 Hour Exposures.—A rectangular galvanized sheet metal box of about 
300 liters capacity was used. The vapor concentration was established in this 
chamber as indicated in the foregoing section, but after the animals had been put 
inside. The air flow was sufficient to build up better than 90 per cent of the desired 
vapor concentration within 30 minutes. ; 

All anitnals used for these experiments were carefully selected on the basis of 
general appearance and body weight. Failing animals were killed for examination 
when moribund or nearly so; all survivors were killed and examined on the day 
following the last exposure. 

Analysis of the Atmosphere of the Chamber.— Vapor concentrations were 
checked by analysis of the atmosphere of the chamber both before and during 
experiments. Samples, obtained in flasks of known volume by aeration with the 
atmosphere of the chamber, were analyzed by combustion and titration of inorganic 
chloride by the Volhard method. The concentrations found by analysis were never 
less than 90 per cent of the concentrations calculated from the rate of air flow 
and the rate of addition of 1,1,1-trichloroethane. 

Source and Feeding of Animals.—The albino rats were raised in this laboratory 
of stock originating at the Wistar Institute of Anatomy and Biology. They were 
maintained on a modified Sherman diet, consisting of: freshly ground whole wheat, 
55 per cent; dried whole milk, 25 per cent; dried extracted liver, 12 per cent; 
dried brewers” yeast, 5 per cent; calcium carbonate, 1 per cent; iodized salt, 
2 per cent, 

The guinea pigs were raised in this laboratory, of a heterogeneous stock, and 
were fed a diet of purina rabbit chow® (complete ration), alfalfa hay and cabbage. 

The albino rabbits, of heterogeneous stock, were raised in this laboratory on 
purina rabbit chow® (complete ration) and alfalfa hay. 

The monkeys were imported animals, kept in the laboratory for several months 
before use. They were maintained on purina laboratory chow®, with fruits and 
vegetables added. 


* 
4 
\ 


ADAMS ET AL—METHYLCHLOROFORM 227 


Examination for Organic Injury.—All of the animals used for pathologic studies 
were killed by decapitation. The rat, but not other species, was starved overnight 
prior to examination. The lungs, liver, kidneys, spleen and testes from each animal 
were weighed, and tissues were saved for the preparation of hematoxylin and 
eosin-stained paraffin sections. Frozen sections of the liver and kidney were stained 
with oil red O. In many cases the blood concentration of urea nitrogen was deter- 
mined at the time of autopsy by using the diacetyl monoxime procedure? The 
t-test * was used in comparing mean values of body weights and of organ weights, 
probability values (P) of 0.05 or less indicating a significant difference. 


RESULTS OF SINGLE EXPOSURES 
Survival Exposures.—The data from all experiments made to deter- 
mine relationships between intensity of exposure and survival of rats 
are collected in table 1, and the results are summarized in table 2 


~. 


TasLe 1.—Survival of Rats with Single Exposures 


Calculated Vapor Time of 
Concentration First Death 
_ Total Number During 
Mg./L. Exposure, Number of That Exposure, 
P. P. M. Approximate Hours Rats Survived Hours 
8,000 2 
10* 
30 
12,000 ; 22 


15,000 


18,000 


80,000 164 


* The one death oceurred several days after exposure 


Those intensities permitting 50 per cent survival, calculated by the 
method of Litchfield and Wilcoxon,® with confidence limits of 19/20, 
were as follows: 


For 18,000 p.p.m.—3 hours, with limits of 2.1 and 4.2. 

For 7 hours—14,250 p.p.m., with limits of 12,950 and 15,675. 

In chart 1, in which the data of tabie 2 are plotted on log-log ordinates, 
the line 4B represents those exposures permitting 50 per cent survival, 


and the line CD represents the most severe exposures permitting 100 
per cent survival. 

3. Barker, S. B.: The Direct Colorimetric Determination of Urea in Blood 
and Urine, J. Biol. Chem. 152:453, 1944. 

4. Fisher, R. A.: Statistical Methods for Research Workers, ed. 7, London, 
Oliver & Boyd, 1938. 

5. Litchfield, J. T., Jr.. and Wilcoxon, F.: A Simplified Method of Evalu- 
ating Dose-Effect Experiments, J. Pharmacol. & Exper. Therap. 96:99, 1949, 
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Gross Response of the Rat.—All but a very few of the deaths 
occurred within the chamber, apparently from respiratory or cardiac 
failure. With one exception, the few deaths that occurred after animals 
were removed from the chamber were considered due to factors other 


Tasie 2.—Summary of Results of Single Exposures 


Exposure, Hours, For: 
Vapor Concentration No 

Mg./L. 50% 100% Organic 

Approximate Survival Survival Injury 
3.0 3 0.3 
70 eon 
3.0 
70 


1$,000 


10,000 


= 
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03 9.5 LO 5 
DURATION OF EXPOSURE IN HOURS 


Chart 1—Vapor toxicity of 1,1,1-trichloroethane. Line AB represents single 
exposures permitting 50 per cent survival and line CD the most severe single 
exposures permitting 100 per cent survival of rats.’ Line EF represents maximum 
single exposures producing no histopathologic changes in rats. No adverse effect 
on repeated exposures of rats and monkeys is represented by point G; of guinea 
pigs, by point H. 


than the experimental treatment, since they occurred after a period 
of apparent normalcy and since severe infection of the lungs was 
demonstrated in most cases. Even after the most severe treatments the 
rats showed little, if any, loss in body weight and were free of definite 
signs of intoxication within 24 hours. 

The following are the important observations on signs of toxic 
effect : 

5,000 p.p.m. There was a definite but very mild narcotic effect 
within 1 hour: The tendency of the rats to move about the chamber 
was decreased, and they offered less resistance to handling. 
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10,000 p.p.m. The moving of the rats about the chamber was con- 
siderably reduced within a minute or two. A slight temporary increase 
of the rate and amplitude of respiration was the only evidence of any 
stimulating action. After 10 minutes one observed staggering, falling, 
inability to walk and weakness; after about 3 hours, a loss of color in 
feet and ears, coldness, irregular respiration and semiconsciousness. 
Death seemed to be due to either cardiac or respiratory failure. Sur- 
vivors had completely recovered by the foilowing morning. 


15,000 p.p.m. Rats showed the same response as at 10,000 p.p.m., 
but with a more rapid development. They appeared to be completely 
unconscious after several hours, the exact time being indefinite. All 
survivors had a normal appearance by the following morning. 


18,000 p.p.m. All rats were helpless within about 5 minutes but 
did not appear to be unconscious until 1 hour had passed. The fol- 
lowing signs were observed: stupor or unconsciousness; loss of the 
pink coloration of ears, feet and lips; coldness, and irregular respira- 
tion. All survivors recovered rapidly from the depression, appeared 
normal within 24 hours, and showed slight, if any, loss of body weight. 
Early in the exposure there seemed to be an intensification of the pink 
coloration of feet and ears and a very slight, temporary increase in 
rate and amplitude of respiration. 

Gross Response of the Monkey.—Observations were made on a 
monkey exposed for 7 hours at 5,000 p.p.m. This animal showed slight 
ataxia after about 1 hour, and after about 5 hours, an occasional coarse 
trembling of the hands and forearms. When the animal was removed 
from the chamber, no abnormality of movement or behavior could be 
detected with certainty, and the animal began eating at once. 

Organic Injury in the Rat.—In order to study the nature of the 
toxic effects (organic injury) produced by excessive single exposures 
and also to make an approximation of the most severe single exposures 
without effects detectable by organ weight and histopathologic studies, 
special groups of young adult male rats were killed and examined 24 
hours after being subjected to single exposures of graded intensities. The 
results of these experiments are summarized in table 3. 

A slight increase of the weight of the kidneys was observed in rats 
after 2 hours at 18,000 p.p.m.; however, no significant pathologic 
changes were found in the kidney, the liver or other organs examined. 

A single 7 hour exposure at 12,000 p.p.m. produced a significant 
increase in liver weight, with histologic lesions of slight to moderate 
intensity appearing in this organ. Microscopically, in the hematoxylin 
and eosin-stained section, numerous small clear vacuoles were observed 
throughout the cytoplasm of the hepatic cells; in general, the cells in 
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the central portions of the lobules were much more severely affected 
than those in the intermediate or peripheral zones. In some cases, also, 
considerable congestion and hemorrhagic necrosis occurred in the cen- 
tral areas. Examination of the frozen sections stained with oil red O 
revealed many small distinct globules, stained brilliantly with this fat 
stain, distributed in the same manner as the vacuoles in the paraffin 
sections. 

In these rats there was also a slight increase in kidney weights; 
however, no pathologic changes were observed in the kidneys or other 
organs on microscopic examination. 

A single 7 hour exposure at 8,000 p.p.m. produced fatty changes 
in the liver of the same type but less severe than those observed in the 


Tasie 3.—Body Weights and Organ Weights of Male Rats That Received 
Single Exposures 


Expo Average Organ Weights, Gm. per 100 Gm. Histo- 
sure Body of Body Weight pathologie 

Concentration, Period, Wt., -~ Changes 

P. P.M, Hr. Rats Gm Lung Heart Liver Kidneys Testes in Liver 
Controls 0.0 17 76 O41 3.2 None 
18,000, 20 O44 1.3 None 
0.3 0.40 3 O88 LAl None 
6.2 0.40 3.15 O.R2 1 None 


‘ 
4 

O1 4 7 O37 3.05 0.33 1.36 None 
4 


12,000... 70 0.42 5 0.0" 1.33 Sight 
to mod- 
erate 

70 5 2 Slight 
5.0 5 3.4 None 
3.0 7 3.3 None 


‘Pp 0.6 — OOL 
< 001, 


rats exposed for the same length of time at 12,000 p.p.m. Such changes 
are commonly considered to be reversible. It is noteworthy that no 
necrosis was observed in the livers of these rats. 

On the other hand, single exposures at 8,000 p.p.m. for 5 hours or 
less and at 18,000 p.p.m. for 0.3 hour of less produced no organic injury 
as manifested by organ weights and histopathologic changes (table 3). 
From these results the curve EF in chart 1 was drawn to represent the 
maximum exposures without resultant organic injury. It is obvious 
that these are not without some adverse effect, since functional dis- 
turbances of the central nervous system were observed at these and even 
less severe exposures. The curve for no adverse effect of any kind lies 
somewhat below the following points: 2 minutes at 10,000 p.p.m., 
1 hour at 5,000 p.p.m. and probably less than 7 hours at 3,000 p.p.m. 
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RESULTS OF REPEATED SEVEN HOUR EXPOSURES 

5,000 P.P.M. (27.3 Mg. per Liter): Guinea Pigs —Groups of 5 male 
and 5 female guinea pigs were subjected to repeated 7 hour exposures— 
32 exposures in 45 days; similar groups of guinea pigs served as 
controls. The exposed animals lost weight during the first three weeks 
of the experiment, then gained slowly, with a final weight increase of 
6 per cent and 19 per cent for the females and males, respectively, com- 
pared with 39 per cent and 38 per cent for the controls. All of the 
exposed guinea pigs showed slight to moderate central fatty degenera- 
tion of the liver; however, no necrosis was observed. The males also 
showed varying degrees of testicular degeneration. No histopathologic 
changes were observed in the kidney or other organs examined. The 
blood concentration of urea nitrogen was 25.9 mg. per hundred cubic 
centimeters in the exposed guinea pigs, compared with 28.6 mg. in 
the controls. 


Taste 4—Body Weights, Organ Weights and Blood Urea Nitrogen Values of 
Rats That Received Repeated 7 Hour Exposures at 5000 P.P.M, 


Expo- 

sure Body Weight, Gm 
Age, Expo- Period, —— 
Days sures Days Initial Final Gain ung Heart 


Organ Weights, Gm. per 100 Gm. 
ot Body Weight 


Blood 
Urea N, 


Mg. per 
Liver Kidneys Testes 100 Be 
16 
3 2. 7 1.10 
40 68 2.71 


infection. 


Rats.—Groups of 5 male and 5 female rats were subjected to repeated 


7 hour exposures at 5,000 p.p.m.; similar groups of rats were used as 
controls. During the course of the experiment 2 males of the exposed 
group and 2 of the control group were lost because of acute pulmonary 
infection ; all of the survivors in the exposed groups received 31 expo- 
sures in 44 days. The rats showed slight unsteadiness and lethargy 
when removed from the chamber. The female but not the male rats 
showed slight retardation of growth during the first two weeks of the 
experiment ; however, the gain in weight for both sexes over the entire 
experimental period was almost as good as that of the controls. These 
exposed rats, as judged by organ weights (table 4), blood urea nitrogen 
values and the results of histopathologic examinations, suffered no 
ill effects. 

Rabbits —Two young female rabbits, weighing about 2 Kg., were 
subjected to repeated 7 hour exposures—31 in 44 days—with similar 
rabbits serving as controls. The exposed animals showed slight retarda- 
tion of growth; however, no discernible ill effects were observed on 
gross and microscopic examination of tissues. 
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3,000 P.P.M. (16.4 Mg. per Liter): Guinea Pigs.— Groups of 5 male 
and 4 female guinea pigs that were exposed to 3,000 p.p.m. for 7 hours 
on 20 occasions showed a definite retardation of growth throughout 
the experimental period of 29 days. Both the average final body 
weights and the average gains in weight of the exposed groups were 
significantly less than those of the control groups (table 5). Along 
with this body weight response, the exposed guinea pigs showed 
definite, although slight, central fatty degeneration of the liver. In 
frozen sections stained with oil red O, many small, distinct, brilliantly 
stained globules were observed in the central zone of each lobule. No 
other ill effects occurred in these animals as judged by organ weights 


Taste 5.—Body Weights, Organ Weights and Blood Urea Nitrogen Values of 
Guinea Pigs That Received Repeated 7 Hour Exposures at 3,000 P.P.M. 


Blood 

Exposure Body Weight, Gm. Organ Weights, Gm. per 100 Gm. of Body Weight Urea N, 

Group mals Sex sures Days Initial Final Gain Lung Heart Liver Kidneys Spleen Testes 100 Oc. 
Controls... 4 F 0 20 358 4M 126 0.85 0.32 8.85 0.73 0.15 — 
Exposed... 4 387 421° or 0.85 0.32 8.97 0.78 0.16 %.2 
Controls. 5 M 0 2 +0 579 129 0.76 0.32 3.80 0.70 0.12 0.40 29.2 
Exposed.. 5 M 20 2 458 nos" 50° 0.77 0.31 3.66 0.0 0.12 0.40 29.0 

*P = <0m, 


TasLe 6.—Body Weights, Organ Weights and Blood Urea Nitrogen Values of 


Group 


Controls 
Exposed. ... 
Controls.... 
Exposed, ... 


‘Do- Organ Weights, Gm. per 100 Gm. Blood 

sure Body Weight, Gm. ot Body Weight Urea N, 

Age, Expo- Period, -—— ~ Mg. per 

Rate Sex Days sures Days Initial Final Gain Lang Heart Liver Kidneys Testes 100 & 


12 142 0 67 156 2a 0.38 2.71 0.73 264 
7 F 42 4a rd 156 179 2 OM 0.39 2.0 0.79 29.2 
M 0 6 212 258 “ 10.71 0.34 2.39 0.70 0.88 22.5 
6 M l4l “7 6 216 265 49 O71 0.4 2.02 0.74 0.9 26.1 


(table 5), blood urea nitrogen concentrations or the results of histo- 
pathologic examinations. 

Rats.—Groups of 6 male and 7 female rats were subjected to repeated 
7 hour exposures—47 to 48 in 66 to 67 days; well matched groups of 
8 male and 12 female rats served as controls. The exposed rats and 
the controls grew equally well throughout the experimental period, 
and no discernible ill effects occurred in these animals as judged by 
final body weights, organ weights, blood concentrations of urea nitrogen 
and the results of histopathologic examinations. 

Monkey.—A female monkey weighing approximately 4 Kg. was sub- 
jected to 53 exposures of 7 hours each in 74 days. Throughout this 
experimental period the monkey appeared to be in excellent condition 
and gained weight normally. At the end of the experiment no patho- 
logic changes were observed on gross and microscopic examination of the 
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following organs: lung, heart, liver, kidney, spleen, adrenal gland, 
pancreas, lymph nodes, stomach, small and large intestine, bladder, 
thyroid gland and voluntary muscle. 


Tasre 7.—Body Weights and Organ Weights of Guinea Pigs That Received 
Repeated 7 Hour Exposures at 1500 P.P.M. 


Exposure Body Weight, Gm. Organ Weights, Gm. per 100 Gm. of Body Weight 
Group sures Days Initial Final 


Liver Kidneys Spleen Testes 
Controls* 619 173 77 3.50 0.16 
60 574 115¢ 3.57 4 0.16 

Controls* oo 706 196 8.37 0.12 
Exposed.... 647 156+ 7 3.44 6.13 


Gain 


* These were air-exposed guinea pigs. 
+P = <0.01. 
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Chart 2.—Body weights of guinea pigs exposed to 1,500 p.p.m. of 1,1,1-trichloro- 
ethane. 


1,500 P.P.M. (8.2 Mg. per Liter): Guinea Pigs—Groups of 12 male 
and 8 female guinea pigs were subjected“to 44 exposures of 7 hours each 
in 60 days; the control groups of 12 and 7 male and female guinea 
pigs, respectively, were repeatedly exposed to air in a manner similar 
to that followed with the trichloroethane-exposed animals. The results 
obtained with these animals are recorded in table 7, and growth curves 
for all groups are given in chart 2. 
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Both the males and the females exposed to trichloroethane showed 
some retardation of growth, especially at the start of the experiment 
(chart 2). Except for this body weight response, no demonstrable 
ill effects, as determined by studies of organ weights (table 7) and 
histopathologic examinations, were observed. 

650 P.P.M. (3.5 Mg. per Liter): Guinea Pigs.—Groups of 9 male 
and 10 female guinea pigs were subjected to repeated 7 hour exposures— 
65 to 66 in a period of 92 to 93 days. The control groups of 10 animals 
of each sex were repeatedly exposed to air in a manner similar to that 
followed with the trichloroethane-exposed guinea pigs. In a second 
experiment, groups of 8 male and 6 female guinea pigs were subjected 
to 40 to 41 exposures of 7 hours each in 57 to 58 days; in this case 
both air-exposed and unexposed controls were used. 


The results of 


Taste 8—Body Weights, Organ Weights and Blood Urea Nitrogen Values of 
Guinea Pigs That Received Repeated 7 Hour Exposures at 650 P.P.M. 


Exposure Body Weight, Gm 


Organ Weights, Gm. per 100 Gm. of Body Weight 
“~ 


Blood 
Urea N, 


Ani Expo. Period, - - Mg. per 
male Sex sures Days Initial Final Gain Lung Heart Liver Kidneys Spleen Testes 100 Uc. 

10 Fr 65 ed 616 225 1,10 0.28 0.73 0.20 

10 65 0.87 0.29 0.74 0.19 

7 0 57 200 0.90 0.31 0.72 0.17 

57 OM 0.30 0.77 0.18 

6 F 40 67 450 119§ Oo 0.32 0.75 0.20 

19 M 245 O81 0.32 0.77 

” M 553 181f 0.95 0.34 0.79 0.19 

M 0 5s 208 0.72 0.22 0.72 O17 

M BR 540 188 0.86 0.33 0.72 0.15 

M 41 5s 1513 O85 0:33! 0.77 0.16 


* Alr-exposed controls, | 


| Unexposed controls 
IP 0060.01 
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these experiments are recorded in table 8. In all cases the guinea pigs 
exposed to trichloroethane showed only a depression of growth similar 
to that observed in the guinea pigs exposed to 1,500 p.p.m. 
SIGNIFICANCE OF THE RESULTS 

The range of single exposures having lethal effects is high .for a 
chlorinated aliphatic hydrocarbon, as shown by the position of the line 
CD in chart 1. The data for this line show a significant difference 
from the relationship CT = K, being fitted (approximately) by the 
equation CT®** == 8,555. The unusually small angle at which the 
line CD inclines to the time axis demonstrates that vapor concentration 
is of relatively greater importance than duration of exposure for the 
production of serious effects. In other words, no serious effects will 
be produced, even on prolonged exposure, until a relatively high vapor 
concentration is obtained, and thereafter a relatively small increment 
of concentration will result in a large increment of effect. 
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The most important toxic action produced by single exposures 
appears to be a functional depression of the central nervous system 
leading ultimately to respiratory or cardiac failure. Organic injury 
appears to be of minor consequence, even at intensities of exposure 
producing a high percentage of kill. In chart 1 the proximity of lines 
EF and CD emphasizes the absence of any significant ability to pro- 
duce organic injury. 

In evaluating the results obtained with repeated exposures, it 
appears particularly important that the rats and monkey tolerated daily 
7 hour exposures to 3,000 p.p.m. without any evidence of adverse effect. 
The weight response of the guinea pigs at 1,500 p.p.m. and 650 p.p.m. 
may represent an unusual species susceptibility, the significance of 
which is uncertain. This response, consisting of a barely significant 
depression of weight at concentrations well below those causing demon- 
strable organic injury, also has been observed with trichloroethylene, 
another material with an outstanding depressant action on the central 
nervous system and a relatively small capacity for producing organic 
injury.” It may be concluded that the chronic vapor toxicity of 
1,1,1-trichloroethane is low and that there is little likelihood of chronic 
action in the absence of acute effects. 

So far as man is concerned, we may be quite confident that the 
important action resulting from excessive exposures will be a depression 
of the central nervous system typical of a volatile anesthetic agent, and, 
further, that significant organic injury is improbable even from exposures 
having anesthetic effects. The “maximum tolerable exposures” for man 
cannot be estimated accurately from the animal work alone, since they 
will be based on minimal anesthetic effects, such as impaired coordina- 
tion, vertigo, sleepiness and mental dulness. The maximum exposures 
without effect should be close to those of dichloromethane. 


SUM MARY 
The following single exposures permitted 50 per cent survival in 
rats: 3 hours at 18,000 p.p.m. and 7 hours at 14,000 p.p.m. The 
following exposures permitted 100 per cent survival in rats: 0.3 hour at 
18,000 p.p.m., 3 hours at 10,000 p.p.m. and 7 hours at 8,000 p.p.m. 
The principal toxic effect produced by single exposures was a 
depression of the central nervous system such as that typical of an anes- 


thetic agent. Relatively minor organic injury, consisting of fatty 


changes and some necrosis of the liver, was produced only by exposures 
having strong anesthetic effects. 


The results of repeated 7 hour exposures, given 5 days a week for 


4 to 10 weeks, were as follows: (a) At 5,000 p.p.m., rats and rabbits 


6. Unpublished Data: The Dow Chemical Company, Midland, Mich 
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revealed only a slight retardation of growth, while guinea pigs showed 
moderate fatty changes of the liver, testicular degeneration and poor 
growth. (b) At 3,000 p.p.m., rats and monkeys suffered no adverse 
effects, whereas guinea pigs showed only minimal effects consisting of 
slight damage of the liver and depression of growth. (c) At 1,500 and 
at 650 p.p.m. guinea pigs exhibited a barely significant retardation 
of growth, but no organic injury. 

So far as can be determined from the results observed on animals, 
those intensities of exposure that can be tolerated by man should be 
considerably greater than those tolerated with such substances as 
trichloroethylene and tetrachloroethylene, and they should be of the 
same order as those which can be tolerated with dichloromethane. 
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EFFECTS OF PROLONGED INHALATION OF OIL FOGS 
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HILE at present there are no industries in which oil fogs are a 

serious hazard and military smoke-screening of men with such 
fogs exposes them for only short intervals, oil fogs would seem to be 
a potential hazard to men operating fog generators or working in 
constantly screened areas. There is no information available concern- 
ing the toxicity of oil clouds for either animals or men. However, 
there are reports in the literature of approximately 200 cases of lipid 


pneumonia attributed to the aspiration of liquid petroleum (“mineral 
oil”) which attest to the dangers of oil accumulation in the lungs. 
Lipid pneumonia may occur whenever an exogenous “lipid” reaches 
the lungs and remains there for a sufficient time to cause irritation. 
It can be a serious debilitating disease. Some oils are markedly irri- 
tating to the lungs. Particularly serious is the pulmonary infection 
which follows the concomitant aspiration of irritating oils and pathogenic 
bacteria. In most instances of this disease oil is aspirated repeatedly 
in small amounts. This results in little pulmonary damage and few 
symptoms until sufficient oil has accumulated in the alveoli to produce 
harmful effects from prolonged irritation and loss of function of physio- 
logically significant portions of the lungs. This form of lipid pneumonia 
is considered by Cannon * to be especially serious because of its insidious 
development. 


From the Toxicity Laboratory and Department of Pathology, University of 
Chicago. 

Part of the work described in this paper was done under contract between 
the Medical Division, Chemical Corps, United States Army, and the University of 
Chicago Toxicity Laboratory. Under the terms of the contract, the Chemical Corps 
neither restricts nor is responsible for the opinions or conclusions of the authors. 

1. Cannon, P. R.: The Problem of Lipid Pneumonia: Brief Review, J. A. 
M. A. 115:2176 (Dec. 21) 1940. 
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Lipid pneumonia was produced experimentally in rabbits by intra- 
nasal instillation of liquid petrolatum by Cannon and Walsh.’ Acute 
pulmonary edema developed, showing that this supposedly bland sub- 
stance can injure the alveolar capillaries sufficiently to cause them to 
pour out fluid. Because oil introduced through the nose usually carries 
bacteria and viruses into the lungs, where the edema fluid supports 
excellent bacterial growth, serious aspirational bronchopneumonia is 
the end result of such treatment. In cases of lipid pneumonia of man 
reported in the literature the involvements ranged from chronic or 
subacute pneumonia and pneumonitis, through acute aspirational lipid 
pneumonia with abscesses, to actual paraffinoma of the lungs. Any of 
these diseases may seriously decrease the working efficiency of the 
patient and may even lead to his death. 

The studies which we report now were done in an attempt to evalu- 
ate the dangers implied in cases in which oil fogs of low concentration 
are inhaled repeatedly over long periods. 


MATERIALS AND METHODS 


Two oils were used in these studies. One was regular automobile lubricating 
oi (Penn oil,® S.A.E. no. 10) with a specific gravity of 0.8605; the other 
was S.G.F. no. 1 oil,* a diesel engine lubricating oil with a specific gravity of 
e 0.994. - Chromatographic analysis of the latter oil indicated the absence of any 
4 carcinogenic compounds despite its dark color and high fluorescence 


The animals were exposed to the oil clouds in a chamber large enough for them 
to live in during the entire experimental period. This chamber measured 7 by 4 
by 4 feet (about 2 by 1 by 1 meter). Except for the inlet and outlet apertures, 
it was airtight. When rodents were being exposed, they were kept in suitable 
cages made completely of wire mesh. When monkeys were used, the inner surfaces 


of the entire chamber were covered with a heavy metal screen to enclose the 
monkeys and protect the glass observation windows of the chamber. Two fans 


were used to operate the chamber: One carried air from the chamber to the out- 
side; the other was a centrifugal blower which blew air and oil from the atomizer 


into the chamber. The oil was dispersed into the inlet fan by a multiple capillary 
atomizer (de Vilbis experimental model no. 360). A solenoid valve controlled 
the compressed air used by the atomizer and was in series with the inlet fan so 
that the fan and the atomizer operated at the same time. The outlet fan was in 


constant operation for the purpose of ventilation. By means of an electrical timing 
device, the inlet fan and the atomizer were operated for one half of each hour 
day and night. 

The oil concentrations in the air of the chamber were found to reach equilibrium 
within 3 minutes. The nominal concentration of the automobile oil in the air of 
the chamber was derived from the weight of the atomizer before and after 10 
hours of operation. Little oil was lost on the sides of the chamber and the fan. 


2. Cannon, P. R., and Walsh, T. F.: Lipid Pneumonia and Some Potential 


Dangers of Intranasal Medication, Internat. Clin. 3:109, 1938. 

3. S.G.F. no. 1 is the Chemical Corps code designation for oils used in smoke 
generators for screening purposes. The oil in this case was diol,® manufactured 
by the Standard Oil Company of New Jersey from gulf coast naphthenic type crude. 
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Three weighings revealed that approximately 95 Gm. of oil was delivered in this 
time. Each half hour 72,000 liters of air entered the chamber. The 9.5 Gm. of 
oil that was dispersed into the chamber during this 30 minute period thus gave a 
concentration of approximately 132 micrograms of oil per liter of air. This 
concentration was found to be accurate by the gravimetric determination of the oil 
contained in samples of air withdrawn from the chamber during operation. The 
concentration of the $.G.F. no. 1 oil in the clouds was determined only gravi- 
metrically by weighing the oil filtered from 835 liters of air drawn from the 
chamber during operation. The concentration of this oil was found to be 63 
micrograms per liter of air. 

The size of the oil particles was determined by means of the Millikan oil drop 
apparatus, in which the rate of fall of a particle in the air can be determined. 
From this information the radius of the particle was derived by the formula: 


— 9 | 
Vea 


r 


where r is the radius of the oil particle in microns, vw the rate of fall of 
the particle in centimeters per second, and p the density of the oil. The 
factor (1 — 2 ) results from the Cunningham-Millikan correction which should 
be used for particles smaller than 10-¢ cm. This factor is first neglected in order 
to calculate'an approximate radius. This approximate value is then used in apply- 
ing the correction factor. The automobile oil cloud was found to be made up of 
particles of many different sizes. Twenty-five particles were observed from 
several samples of the oil cloud. The two extremes and the average size were 
determined, The smallest particle had a rate of fall (v7) of 1.5 x 10-8 em. per 
second ; the largest, 2.3 x 10-2 cm. per second. Thus the smallest particle had a 
radius of 0.34 micron and the largest a radius of 1.45 microns. The average radius 
was found by this method to be 0.58 micron. Relatively the same extremes of 
size were found with the S.G.F. no. 1 oil particles but there were more smaller- 
sized particles than with the automobile oil of lower specific gravity and viscosity. 
The average radius of these particles was 0.45 micron 

Two strains of mice were used: One called CF1, obtained from Carworth 
Farms, was exposed to the automobile oil; the other, strain A, was exposed to 
the S.G.F. no. 1 oil. Eighty albino rats, obtained from Maguran Farms, were 
exposed to the latter oil along with 4 rabbits Thirteen monkeys (Macaca 
mulatta) were used. Six were exposed to the automobile oil and 7 to the $.G.F. 
no. 1 oil. 

In these experiments the quantities of oil retained by the lungs were determined 
chemically by a procedure adapted from that of Stryker. The lungs were minced 
and weighed. In the first experiments the tissues were not dried before treatment. 
A 6 per cent solution of potassium hydroxide in alcohol (20 to 30 cc.) was added 
to the minced tissue and the mixture saponified on a steam bath overnight. The 
aleohol was evaporated off. The gummy residues were then taken up with about 
30 cc. of water. This material was extracted four times with 25, 15, 15 and 10 
ce. of ethylene dichloride. The extract was then dried to constant weight. This 
saponification and ethylene dichloride extraction procedure was then repeated 
once. The weight of the resulting material represented the unsaponified residue. 


4. Stryker, W. A.: Absorption of Lipid Petrolatum (“Mineral Oil") from 
the Intestine: Histologic and Chemical Study, Arch. Path. 31:670 (June) 1941. 
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The sterols in the unsaponified residue were then adsorbed on a column of aluminum 
oxide. The unsaponified residue was first dissolved in the smallest possible amount 
of hexane to which carotene had been added. This was poured into the column 
and washed continually with hexane until the yellow ring made by the carotene 
had traveled to the bottom of the column or until it no longer moved. At this 
stage all of the sterol material was adsorbed on the alumina and all of the oil or 
hydrocarbon washed through in the filtrate. The filtrate was then evaporated to 
constant weight. This residue, designated the unadsorbed residue, was the oil or 
hydrocarbon. The sterols were recovered by washing the column of aluminum 
oxide with a mixture of about 3 parts methanol and 1 part ether into a large 
centrifuge tube. This tube was then centrifuged and the liquid contents decanted. 
This procedure was repeated several times and the wash-solvents were combined 
and then evaporated to constant weight. This residue represented the sterol 
recovered. 


Taste 1—The Amounts of Oil Accumulated in the Lungs of Mice Exposed to a 
Cloud of Autemobile Oil for One Half of Every Hour for 100 Consecutive 
Days (Concentration 132 Micrograms per Liter of Air) 


Absorbed Sterols 
Unsaponified 

Total Wet Residue Hydrocarbon Expected 


Recovered 


Normal lungs 273 18 
Exposed lungs 
Normal) livers. . § 7 38 

% 


EXPERIMENTAL PROCEDURES AND RESULTS 


In the first experiment 80 CF1 mice were placed in the chamber to be exposed 
to the automobile oil fog. During this exposure a cloud was produced in the 
chamber for 30 minutes of every hour as described in the foregoing section. At 
weckly intervals 3 to 5 mice were killed and their; organs sectioned and prepared 
for microscopic study. The duration of the longest exposure was 100 days. The 
lungs were stained with sudan IV fat stain in order to demonstrate the oil. On 
mice dying during the exposure period autopsies were made and the tissues com- 
pared with those from the killed animals. After the 100 days of exposure the 
remaining mice were killed and their lungs and livers analyzed chemically as 
described. The lungs and the livers of a like number of unexposed mice were 
studied chemically as controls. Table 1 contains a tabulation of the results of 
these analyses. The total accumulation of oil in the lungs of the exposed mice 
was 33 mg. or 1.65 mg. per mouse. Since the specific gravity of this oil was 0.8605, 
each mouse accumulated 0.002 cc. of oil in the lungs in 100 days. This represents 
only 0.4 per cent of the total wet weight of the lungs of each mouse. 

Histologically, this extremely small amount of oil caused little reaction. After 
one week occasional macrophages containing oil could be seen in the pulmonary 
alveoli under the pleura. These macrophages differed from those seen in human 
lipid pneumonia in that the oil was dispersed in the cytoplasm in extremely fine 
particles and was not concentrated in large globules. These lipid-containing 
macrophages increased in number until, at the end of five weeks after the beginning 
of the experiment, almost every alveolus in the sections contained at least one 
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such cell and the peripheral alveoli contained many. After this time no significantly 
visible increase of the number of these cells occurred. No free oil was seen in 
the alveoli or the bronchi at any time. When the mice had chronic bronchitis, there 
was a localization of the lipid-containing macrophages in the peribronchial con- 
nective tissue and lymphatic channels, but whether the oil caused the bronchitis or 
the bronchitis predisposed to this localization of the oil could not be determined. 
The lungs of the animals that died spontaneously during the experiment did 
not contain more of these oil macrophages than those of the mice that were killed. 
The tracheobronchial lymph nodes of the mice killed at the end of the exposure 
period showed accumulations of oil-containing macrophages without reaction to 
them. There was no increase in the spontaneous death rate of the exposed mice. 
In the second experiment 250 strain A mice, 1 month old, equal numbers of 
males and females being used, were exposed for 343 consecutive days to S.G.F. 
no. 1 oil. At monthly intervals 5 to 7 males and 5 to 7 females were killed and 
the number of tumors in the lungs counted. At the end of the experiment 


the remaining mice were put to death. The number of tumors in each lung was 


Taste 2—The Amounts of Oil Accumulated in the Lungs of Strain A Mice 
Exposed to a Cloud of S.G.F. No. 1 Oil for 30 Minutes of Every Hour 


Total Unsaponified Residue Hydrocarbon 
Organ Te % % % 
(20 mice) Wet Dry Mg. Wet Dry Mg. Wet Dry 
Normal lungs.............++ 2.78 0.61 11.6 0.42 1.69 0 0 0 
Expoeed Jungs.............. 2.52 0.55 14.3 0.57 2.068 3.3 0.13 0.6 
Normal liver................ 13.04 3.83 36.0 0.28 0.94 0 0 0 
Exposed liver....,.......... 10.71 3.34 39.0 0.36 101 3.0 0.08 0.0 


detérmined and the lungs taken for histologic and chemical study. A _ similar 
number of strain A mice were used as controls and not exposed to the oil. The 
data from the chemical analyses of these lungs and livers are recorded in table 2. 
Apparently, as a result of the lower concentration of the cloud, much less oil was 
retained in the lungs of these mice than in the first experiment in spite of the 
longer period of exposure. 

Histologically, oil appeared to accumulate in alveolar macrophages in the strain 
A mice in a manner and to an extent similar to that in the CFI strain. No 
lipid pneumonia or evidence of inflammation was seen with this small amount of oil. 
The distribution of oil after the 343 day exposure differed from that after the 
100 day exposure in that the peribronchial and mediastinal nodes contained a 
much greater proportion of the oil than the lungs. There was a moderate 
increase in the death rate of the exposed mice in this experiment. This could 
not, however, be attributed to the inhalation of the oil, since it occurred only 
when the temperature within the exposure chamber rose 10 or more degrees 
above the optimal 80 F. Table 3 summarizes the study of the incidence of 
pulmonary tumors in the exposed and the unexposed mice of this experiment. 
The apparent slight increase in the exposed mice is not significant, especially 
since the latent period of tumor production was not reduced. Histologically 
the tumors of the two groups of mice did not differ, and the tumors of the exposed 
mice did not bear any demonstrable spatial relationship to the inspired oil. 


for 343 Consecutive Days (Concentration 63 Micrograms per Liter of Air) : Lae 
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In the third experiment, rats and rabbits were exposed to the S.G.F. no. } 
oil for 1 year. Eighty rats and 4 rabbits were started on this exposure. As animals 
died or became ill, autopsies were made on them, and survivors were killed at 
the end of the experiment for histologic study. No chemical studies were done. 
Histologically the lungs of the rats and the rabbits exposed to the S.G.F. no. 1 
oil for | year were similar to the lungs of the CF1 mice that were exposed to 
the automobile oil for 100 days. ‘There was no increase in incidence of pneumonia 
over that of the control animals in this experiment. Oil was found in microscopic 


Taste 3.—The Incidence of Lung Tumors in Strain A Mice Exposed During 
a 343 Day Period to S.G.F. No. 1 Oil (Mice 1 Month Old 
at Beginning of Experiment) 


Exposed Mice Control Mice 
Range of Range of 
Av. No. No.of Av.No. No.of 
Tumors ‘Tumors Tumors Tumors 
Months of per per per per 
Exposure Mouse Mouse Mice Mouse Mouse 
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amounts in macrophages in the mediastinal lymph nodes and in the lymphatic 
channels of the lungs and. the pleura without fibroplastic reaction. 

In the fourth experiment 6 monkeys were placetl in the chamber and exposed 
to the automobile oil cloud for 100 days. Neal 1, 2, 5 and 6 were killed 
30, 58, 164.and 1 year, respectively, after the beginning of the exposure. Monkeys 
3 and 4 died after 74 and 90 days of exposure. The concentration of the oil in 
the clouds and the size of the particles were substantially the same as in the other 
experiments with this oil. The left lung of each monkey was taken for chemical 
analysis, and the right lung was used for histologic study. The larger lungs 
of the monkeys were found to have a variable water content, which made it 
necessary to desiccate the lungs before chemical analysis. The chemical data 
obtained from this experiment have been combined with those from the second 
experiment with monkeys in table 4. In that experiment, the fifth and last of 
this series, 7 monkeys were exposed to clouds of the S.G.F. no. 1 oil for a 
maximum of 100 consecutive days as described. During the-exposure 5 monkeys 
died after 44, 67, 71, 77 and 97 days of exposure, respectively. Another died 17 days 
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after the period of exposure ended. The remaining monkey was killed 1% 
years later. As in the first experiment with monkeys, the left lung of each animal 
was used in a quantitative chemical determination of the amount of oil retained in 
the lung, while the right lung was studied histologically. The histologic changes 
in the lungs of the exposed monkeys were compared with those found in the lungs 
of other monkeys from this colony that were used in various other experiments. 
The chemical analyses (table 4) in these two experiments showed that 
relatively large amounts of oil accumulated in the iungs of the monkeys compared 
with those found in the mice. The amount of oil accumulated was roughly in 
proportion to the length of exposure and the amount of oil in the cloud. 
Unfortunately, only monkey 6 affords some idea of the long time required for 
the oil to be removed from the lung, since the record of the analysis of the lung 


Tasre 4.—The Amounts of Oil Accumulated in the Left Lungs of Monkeys Exposed 
to Automobile Oil or S.G.F. No. 1 Oil Clouds 


Unsaponi fied Hydroearbon 
Total Residue (oi) 
Days of ——--—-"— —~ % Dry % Dry % Dry 
Monkey Exposure Wet Dry 5 Weight Mg Weight Weight 
Kis 0 8.70 1.70 6.33 ; 0.065 62 
9.32 Dry wt. calen- 3. 3.13 2 1.31 is 
7.15 on average 3 85 5.48 3.8 
10.3 meisture 23 1.2 
13.5 content of 
lungs 6 to 12 
12.7 2.7 


8 
5 


‘o's 


WOTTON 


*The animal was killed 64 days after the 100 day period of exposure. 

+ The animal was killed 2066 days after the 100 day period of exposure. 

} The animal died 17 days after the 100 day period of exposure 

hwy animal was killed 1% years after the exposure was ended. The record of the anulysis 
was lost. 


of monkey 13 was lost. On the basis of the one analysis, however, it is seen that 
the oil accumulates much faster during even such low exposures than if it is removed 
after exposure is stopped. 

Clinically the monkeys withstood the effects of the two oils poorly The 
automobile oil was less toxic than the S.G.F. no. 1 oil even though used in about 
twice the concentration. With either oil, after the first month the fur of the 
monkeys became progressively thin and scanty until, after 100 days, the monkeys 
had completely bald areas comprising more than half of their hody surfaces. 
The inhalation of these oils was accompanied with a decrease of the food intake 
of the monkeys. Marked wasting did not become noticeable with the automobile 
oil until after 60 days but was present within 30 days and contributed to the deaths 
of all the monkeys exposed to the S.G.F. no. 1 oil. The anorexia and resulting 
emaciation of these monkeys have been attributed to a hyperplastic gastritis which 
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has been previously described and discussed by Lushbaugh.’ Typically in this 
lesion, all but the mucus-secreting cells of the gastric mucosa were atiophied. 
The mucus-secreting cells were hyperplastic and formed a greatly thickened 
mucosa, which in many areas was ulcerated. In many places the muscularis 
mucosae was destroyed and the mucosal cells had infiltrated the submucosal con- 
nective tissue in a carcinoma-like fashion. The submucosa was stiffened by 
abundant fibrosis. These changes resulted in a shrunken stomach with a greatly 
thickened and stiffened wall. 

The histologic study of the lungs of these monkeys demonstrates the change 
of location of the macrophages containing oil as the experiment progressed. Monkey 
1 (killed after 30 days of exposure) had lipophages scattered thinly throughout 
the lungs in the alveolar spaces. The majority were found in the peripheral 
portions. Occasionally the macrophages were associated with small accumulations 
of polymorphonuclear leukocytes and lymphocytes. Monkey 2 (killed after 58 
days of exposure) had pulmonary lipophages containing coarser droplets of oil than 
the preceding animal. These cells were more numerous; some alveoli now con- 
tained several such macrophages. Many of these cells previously seen sub- 
pleurally were now present in the pleural lymphatic channels. One small area of 
acute pneumonia with edema was present, but sections of the focus failed to reveal 
any free oil or more lipophages than in other parts of the lung. Monkey 3 (dead 
after 74 days of exposure) was severely emaciated and almost completely denuded 
of hair. Diffuse acute bronchopneumonia with edema and hemorrhage was 
present. There were many macrophages containing oil, both fine and large droplets. 
While most of these cells were intra-alveolar, some were now in the peribronchial 
and peribronchiolar lymphatic vessels. The alveolar atriums contained a pre- 
ponderance of these cells. A minute amount of free oil was seen, but neither this 
nor the lipophages bore any discernible spatial relationship to the acute pneumonia. 
Monkey 4 (dead after 90 days of exposure) had diffuse pneumonitis and microscopic 
areas of lobular pneumonia. The alveoli contained as much oil in macrophages 
as was seen in the preceding monkey, but the periarterial interstitial tissues, espe- 
cially around the bronchi, contained more such cells than were noted in that 
animal. There was a slight but definite increase in the number of perivascular 
fibroblasts. Monkey 5 (killed 64 days after the 100 day period of exposure) had 
regained most of the lost hair. About as many lipophages were present in this 
lung as in that of monkey 4, but their distribution was quite different. These 
cells were now concentrated chiefly interstitially around the atriums and in the 
lymphatic channels of the perivascular and peribronchial connective tissue. Of 
particular interest was the increase in fibroblasts and connective tissue in these 
lipophage-containing areas. Many such areas were seen as fibroplastic nodules 
containing lipophages rich in oil. Monkey 6 (killed 265 days after the end of 
the 100 day period of exposure) had caseonodular pulmonary tuberculosis. The 
lipophages were not as abundant as in monkey 5. There were few intra-alveolar 
lipophages. The great majority of these cells.were in the connective tissues and 
lymphatic channels around the pulmonary vessels, bronchi and bronchioles. While 
fibroplasia was still occurring in these regions, much ‘of the connective tissue 
appeared old, forming condensed fibrotic nodules containing oil outside as well as 
within macrophages. 

With the S.G.F. no. 1 oil the histologic picture was the same as regards the 
accumulation and redistribution of the oil but the amount of oil was reduced. 


5. Lushbaugh, C. C.: Experimental Hyperplastic Gastritis and Gastric Poly- 
posis in Monkeys, J. Nat. Cancer Inst. 7:313, 1947. 
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Monkey 7 (dead after 44 days of exposure) had diffuse pneumonitis. Scattered 
in comparatively small numbers throughout the alveoli, especially under the pleura, 
were small lipophages containing minute droplets of oil. These occasionally seemed 
to be associated with microscopic exudates of polymorphonuclear leukocytes. 
Monkey 8 (dead after 67 days of exposure) had early pneumonitis which was not 
as extensive as that in the preceding animals. The number of intra-alveolar 
macrophages and the amount of oil they contained approximated closely the findings 
in monkey 1 except that a few macrophages were present interstitially. Monkey 
9 (dead after 71 days of exposure) had a twofold increase in number of pulmonary 
lipophages as compared with monkey 8. Occasional alveoli were nearly filled with 
clumped oil-containing macrophages. These cells were increased in perivascular 
tissues and were found in lymphatic channels. Areas in this lung which did not 
contain any more macrophages than any other were filled with edema fluid rich 
in protein and lymphocytes. Monkey 10 (dead after 77 days of exposure) had a 
lung practically identical with that of the preceding monkey except for the edema. 
Monkey 11 (dead after 97 days of exposure) had intra-alveolar clumps of 
macrophages containing oil. Most of the lipophages were concentrated in the 
connective tissue and lymphatic channels of the lung where fibroplasia was 
beginning to occur. Monkey 12 (dead 17 days after the end of the 100 day period 
of exposure) had only rare macrophages in the alveoli. Almost all the lipophages 
were in the lymphatic channels and the perivascular connective tissue where fibro- 
plasia similar to that seen in monkey 5 was occurring. Several lobules showing 
diffuse pneumonia were present, but this was not associated with accumulation 
of oil. Monkey 13 (killed 1% years after the exposure) had small amounts of 
the oil in lymph nodes and lymphatic channels of the lungs where small fibro 
plastic nodules were present. 
COMMENT 


These experiments demonstrate that the prolonged inhalation of 
clouds of atomized lubricating oils does not result in lipid pneumonia 
in animals. With the small concentrations that were used the oil does 
not accumulate in the alveoli of the lung at a fast enough rate to over- 
come the ability of the pulmonary phagocytes to engulf and remove it. 
Since it enters as extremely small droplets, single macrophages are 
capable of removing many such droplets of oil. The amount of oil 
ingested by individual macrophages appears to be less than the amount 
which would hinder their viability and movements. This was borne out 
by the relative rapidity with which lipophages appeared in the lymphatic 
channels and the quick removal of the intra-alveolar oil. The chemical 
analyses, however, show that the oil reaching the connective tissue 
stroma of the lung remains for an extremely long time. While the 
fibropiastic reaction elicited by this interstitial oil was slight, its pres- 
ence portends serious pulmonary fibrosis if in larger exposures more 
oil is deposited in the perivascular connective tissues. 

The monkeys accumulated more oil in their lungs than the mice 
exposed to comparable quantities of the oils for the same periods, but 
remarkably little accumulated in either instance in view of the large 
amounts actually inhaled during the exposure. - This discrepancy prob- 
ably results from the filtering action of the nasopharynx and the diffi- 
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culty of retaining small particles in the lungs as reported by Landahl 
and Black * and Landahl and Herrmann.’ According to these investi- 
gators, corn oil particles 1 micron in diameter, while penetrating the 
nose very well, are retained in the lung very poorly. Large particles are 
principally filtered out by the nose, but if they penetrate the nose, they 
are retained in the lungs very well. Maximum nasal and pulmonary 
retention occurred in their experiments with particles 3 to 4 microns 
in diameter, several times the average diameter of the oil particles used 
in the experiments reported here. The hyperplastic gastritis occurring in 
the monkeys inhaling the oil was considered by Lushbaugh* to be 
indirect evidence that much of the oil was filtered out by the nasal pas- 
sages and swallowed. Further evidence that this oil has an irritant effect 
on the gastrointestinal tract was found by Lushbaugh and Hackett * in 
rats fed the oil in synthetic diets. These findings contrast with the 
pulmonary lack of any serious irritant effects. This discrepancy is 
probably best explained on the basis of the small amount of oil in any 
single alveolus. The focal areas of fibroplasia were, however, considered 
functionally insignificant only because of their minuteness and disper- 
sion. The small amount of the oil, its lack of carcinogenic substances 
and its apparent lack of irritating properties when in fine dispersion 
seem to explain the failure of the oil to influence the incidence or the 
time of occurrence of pulmonary neoplasia in the strain A mice. Nettle- 
ship and Henshaw * have shown that the lungs of mice of this strain 
are remarkably susceptible to carcinogenic influences. 

The mice, rats and rabbits had no increased incidence of pneumonia 
during their inhalation of these oils. The monkeys, however, had a 
greatly increased incidence of focal pneumonia and interstitial inflamma- 
tion in comparison with the other monkeys of the colony that were not 
exposed to the oils. This species difference probably reflects the 
known susceptibility of the primate to pneumonia. The increased inci- 
dence of pneumonia in the exposed monkeys seems to indicate that the 
aspirated oil played some etiologic role in these inflammations. The 
observation that the pneumonia was not related to the concentrations 
of the oils apparently rules out the possibility that oil was acting as an 
irritant and appears to indicate that the aspiration of the oil either 


6. Landahl, H. D., and Black, S.: Penetration of Air-Borne Particulates 
Through the Human Nose, J. Indust. Hyg. & Toxicol. 29:269, 1947. 

7. Landahl; H. D., and Herrmann, R. G.: On the Retention of Air-Borne 
Particulates in the Human Lung, J. Indust. Hyg. & Toxicol. 30:181, 1948. 

&. Lushbaugh, C. C., and Hackett, A.: An Infiltrating Adenomatous Lesion of 
the Colon of Rats Ingesting Motor Lubricating Oil (S.G.F. No. 1 Oil), J. Nat. 
Cancer Inst. 9:159, 1948. ; 

9. Nettleship, A., and Henshaw, P. S.: Induction of Pulmonary Tumors in 
Mice with Ethyl Carbamate (Urethane), J. Nat. Cancer Inst. 4:309, 1943 
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carried infectious agents with it or so altered the defense mechanisms 
of the upper pulmonary tract that these agents reached the lungs in 
numbers sufficient to cause local inflammations. 

The small concentrations of oil which these animals breathed were 
chosen as those to which men might be expected to be exposed while 
working in areas screened by oil fogs from aerial observation. Although 
the results of such studies cannot necessarily be extrapolated to man, 
it appears from these studies that men living in such atmospheres for 
several months would not have to fear lipid pneumonia or subsequent 
pulmonary oil granulomas or cancers. Such men might be expected 
to have a slightly higher incidence of infections of the upper respiratory 
tract, but conceivably this harmful effect might be offset by the air- 
cleansing effect of oily clothing, blankets and mists described by Rob- 
ertson and his colleagues.'® It was not within the scope of this study 
to consider the effect of repeated accidental aspiration of the concen- 
trated effluent oil cloud close to the mouths of smoke generators. 


SUMMARY 


Mice, rats and rabbits and monkeys were exposed for intervals 
varying between 100 and 365 consecutive days to fogs composed of oil 
particles in order that the possible dangers for men working in such 
atmospheres might be investigated. Ordinary automobile oil and 
S.G.F. no. 1 oil, the latter used by the United States Army Chemical 
Corps for smoke-screening of troops, were tested. Mice, rats and rabbits 
were unaffected and the occurrence of pulmonary tumors in a highly 
susceptible strain of mice was not accelerated by the oil fog. Surpris- 
ingly little oil accumulated in the lungs of the animals, and what was 
retained was rapidly transferred into the pulmonary connective tissues 
and lymph nodes. Lipid pneumonia was found not to be a hazard of 
living in atmospheres containing 63 to 132 micrograms of oil per liter 
of air because the low pulmonary retention enabled the phagocytes of 
the lung to engulf and remove it adequately. The incidence of infectious 
pneumonia in monkeys exposed to such fogs was greatly increased, 
although most monkeys so treated died with severe hyperplastic gastritis 
as previously reported. 

Los Alamos Scientific Laboratories, Los Alamos, N. Mex. (Dr. Lushbaugh). 

Toxicity Laboratory, University of Chicago (Dr. Green). 


418 West Hellman Avenue, Monterey Park, Calif. (Dr. Redemann). 
10. Robertson, O. H.: The Dispersal of Respiratory Pathogens in Relation to 


the Occurrence and Control of Air-Borne Infections, Am. Rev. Tuberc. 55:109, 
1947. 
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TOXIC GASES AND AVIATION 
Gaseous Concentrations and Altitude 


C. R. SPEALMAN, Ph.D. 
WASHINGTON, D.C. 


ONCENTRATIONS of toxic gases are customarily expressed in 
terms of per cent or parts per million of the ambient atmosphere. 
Although these methods of expressing concentrations are of practical 
usefulness in dealing with toxicity problems in factories and other ground 
situations, they do not adequately describe toxic conditions for aviation, 
primarily because (a) the amount (mass) of toxic gas present per unit 
volume (true concentration) is not stated and (6) the relationship 
between gaseous concentrations in the ambient air and concentrations in 
air from which bodily absorption occurs, i. e., air in immediate contact 
with the body, is a function of altitude (see following section). 
| 


THE TRUE CONCENTRATION OF GAS 


Percentage values (or parts per million) state only the proportion 
of the toxic gas present. Consequently, as air density decreases with 
altitude, a given percentage value represents] correspondingly smaller 
amotnts of gas per unit volume. Thus, the partial pressure of a gas 
in 1 per cent concentration at sea level equals 1 per cent of 760 mm. 
of mercury (on the average) or 7.6 mm. of mercury (if the amount 
of water vapor present is neglected), while the same percentage concen- 
tration at an altitude where barometric pressure is 380 mm. of mercury 
(approximately 18,000 feet [about 5,500 meters]) corresponds to one- 
half the sea level partial pressure, i. e., 3.8 mm. of mercury. If toxic 
effects of gases are to be related to the true concentrations or vapor 
pressures of gases, it is clear that percentage values are inadequate for 
situations in which altitude is a factor. Expressing concentrations in 
terms of weight per unit volume, e. g., milligrams per liter, would avoid 
this difficulty. Unfortunately, the percentage method of expressing 
concentrations is in general use in aviation toxicology. 


GASEOUS CONCENTRATIONS IN AIR FROM 


ABSORPTION OCCURS 


WHICH BODILY 


Whatever the method used to express concentration in unequivocal 
terms, there remains the necessity of taking into account the fact that 


From the Medical Division, Aviation Safety, Civil Aeronautics Administration. 
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the composition of the ambient air differs from the composition of the 
air at surfaces where bodily absorption occurs, i. e., the alveolar surface 
of the lungs (important in the case of systemically toxic gases) and 
other exposed surfaces of the body, as the skin and the conjunctivas 
(important in the case of gases causing local irritation). This fact is of 
greater importance in aviation problems than in problems at sea level 
because barometric pressure is an important factor determining the 
relationship between ambient concentrations and concentrations at these 
surfaces. The correctness of this statement will become evident later 
when this relationship is expressed mathematically. Before outlining 
these calculations, it is necessary to consider the various factors altering 
the concentration of a gas as it passes from the ambient air to alveolar 
air or to other air layers in direct contact with the body. 


Air inspired through the respiratory tract changes in volume, and 
hence the concentration of any toxic gas present is altered as the 
temperature is changed to 37 C. and as water vapor (47 mm. of mercury 
tension) is added. Normally, the air undergoes further changes in 
volume as gaseous exchange of oxygen and carbon dioxide proceeds, 
The change resulting from the latter factor is ordinarily considerably 
smaller (when the respiratory quotient equals 1, there is no volume 
change) than changes caused by alterations of temperature and humidity. 
Bodily absorption or liberation of any other gas, e. g., nitrogen, likewise 
causes volume changes. Similarly, air in immediate contact with other 
bodily surfaces (including skin surfaces) may have values of temperature 
and water vapor pressure greatly different from those of the ambient 
atmosphere * However, volume changes caused by gaseous exchange 
through other than the specialized respiratory surfaces are probably 
unimportantly small in most cases. 

In addition to the changes caused in the concentration of a toxic 
gas by gross changes of air volume, further alterations will occur unless 
the rate at which the body absorbs this gas from air in contact with the 
surface is slow in comparison with the rate at which the gas enters this 
layer of air, or unless the body is in equilibrium (saturated) with the 
gas at the partial pressure of exposure. 


CALCULATIONS 


The equations and tables given on the following pages are based on 
well known physical laws which are commonly used in dealing with 
various problems in respiratory physiology. 

1. The temperature of air at the boundary of contact between air and skin 
approximates skin temperature. Water vapor pressure is dependent on skin tem- 
perature and on the amount of water available for evaporation from the skin. 
When the skin is completely wet, water vapor pressure at the boundary will 
approximate the vapor pressure of water in equilibrium with sweat at the existing 
skin temperature. 
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General Equations.—-The following equations, used in calculating 
concentrations of a toxic gas in air in contact with bodily surfaces, pro- 
vide for only the simplest case in which the respiratory quotient in the 
area considered is equal to 1 and the concentration of the toxic gas is 
unaffected by the rate at which it is absorbed by the body. It is also 
assumed that the body is otherwise in equilibrium with the surrounding 
air. Under these conditions the concentration of a toxic gas in air in 
contact with the body is determined by the concentration in the ambient 
air, the barometric pressure and the temperature and humidity of the 
air in contact with the body. Partial pressures of a toxic gas in air in 
contact with the body are calculated from the percentage values of the 
ambient air by means of the well known equation 
e(G)=alB p (HeO)) (1) 


where p (G) is the partial pressure of the gas in the air in contact with 
the surface; p (HO), the partial pressure of water vapor at this point ; 
B, the barometric pressure, and a, the percentage, expressed as a decimal, 
of the gas in the ambient atmosphere. 

By dividing equation | by 760, an expression is obtained which states 
partial pressures in terms of percentage of standard atmospheric pres- 
sure, i. e., 760 mm. of mercury. This alternative way of indicating partial 
pressures is generally used in aviation toxicology.* 


B — p (HsO) 
Percentage of 760 mm. Hg = 60 ax 760 (la) 


Partial pressure values may be corrected tb standard temperature 
(zero centigrade) using equation 2. These values are measures of true 
concentrations of any gas conforming to the perfect gas laws. 


7 


where p G, is the partial pressure of the gas (corrected to 0 C.) in the 
layer of air in contact with the body surface and ¢ is the temperature of 
the air at this point. 

Results and Application of Calculations—Table 1 presents vatucs 
for the quantity 5—# H:0) when p (H.O) is taken to be 47 mm. of 
mercury. This particular humidity value is selected for the calculation 
because it describes the situation existing in air in contact with some of 
the surfaces of the body, e. g., the alveoli of the lungs. Similar tables 
can be prepared for any absorptive surface where the water vapor pres- 
sure is known. 

The values of table 1 multiplied by percentage concentrations give 
partial pressures in terms of percentages of standard atmospheric 


pressure (equation la). These values may be used as measures of 


2. McFarland, R. A.: Human Factors in Air Transport Design, New York, 
McGraw-Hill Book Company, Inc., 1946. 
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relative concentrations, e. g., in studying the influence of altitude on 
toxicity, provided the temperature of the air in contact with the body 
is the same at the altitudes studied. In comparing conditions in which 
the temperature is not the same, one corrects the values to standard 
temperature (O C.) in order to obtain measures of concentrations 
(equation 2). However, variability of temperature introduces an addi- 
tional complication, since the activity of a gas is dependent both on 
concentration and on temperature. This necessitates a decision as to 
whether uncorrected partial pressure (which is a measure of activity in 
the physical chemical sense) or partial pressure corrected to 0 C. (which 
is a measure of true concentration) should be used as the index of the 
degree of intensity of exposure.* The problem of temperature correction 
will not be considered further, since it is not a problem related specifically 
to altitude. The foregoing brief discussion is given for the sake of 
completeness of presentation. 


Taste 1—Values of the Quantity 8 gH) at Several Altitudes * 


Altitude, feet (meters).... 0 J 10,000 15,000 20,000 W008 
(3,008 M.) (4,572 M.) (6006M.) (0,164 
0.68 0.50 0.90 Om 


* p (H2O) is taken as 47 mm. Hg., which is the vapor pressure of water in the lungs. 
The values of barometric pressure B corresponding to the several altitudes are those of the 
United States Standard Atmosphere. 


COMMENT 


The fact that barometric pressure must be considered in expressing 
concentrations in aviation toxicology is quite well known. Less well 
understood is the fact that because of the relatively high humidity in 
air layers from which bodily absorption occurs, the concentrations of 
gases at these points are generally less than the concentrations in the 
ambient air, though the importance of humidity in this regard has been 


stated.* The degree of importance of the humidity factor can be seen by 


comparing the values of = ono) of table 1 with the values of J” 


(table 2) for the special case in which water vapor pressure is 47 mm 
of mercury. 


3. Either activity or concentration could be used to describe the physical con- 
ditions of exposure. However, it should not be inferred that either would be an 
index of the degree of resulting toxic damage. The relationship between tissue 
damage and concentration or activity would need to be determined experimentally 
for each gas. 

4. White, C. S.: Calculation of CO, Percentage Equivalents at Sea Level and 
Various Pressure Altitudes, Lovelace Clinic Project No. 200. Report No. 2, 
Appendix No. 1, Oct. 11, 1948, Albuquerque, Lovelace Clinic, 1948. 
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Although the humidity correction is clearly of considerably less 
magnitude than the barometric correction, it is sufficiently great to 
warrant consideration. For example, if only the barometric pressure 
correction is considered, a 1.45 per cent concentration in the ambient 
air at 10,000 feet would be assumed to be equivalent to a 1.45 x 0.69, 
or 1, per cent concentration in the ambient air at sea level, since the 
true concentration in air in contact with the body would be the same 
in both cases (table 2). Therefore, if a substance exerted the same effect 
in a concentration of 1.45 per cent at 10,000 feet as it does in a 1 per 
cent concentration at sea level, one would conclude that the toxicity 
of this substance is unaffected by altitude. However, if both barometric 
pressure and humidity are considered, the percentage values for com- 
parison become 1.45 x 0.63, or 0.91 (for altitude) and 1 & 0.94, or 
0.94 (for sea level), and one would conclude that the effect of altitude 
was to increase toxicity slightly. For precise studies of the influence of 


Taste 2—The Values of B= (HO) Compared with the Values of ea 
at Several Altitudes * 


Altitude, feet...........+.. 0 5,000 10,000 15,000 20,000 30,000 
0.94 0.77 0.63 0.50 0.40 0.24 


0.83 0.68 


* p (H2O) is taken as 47 mm. Hg, which is the vapor pressurs: of water in the lungs. 
B— p B 

+ Th's ie the ratio of —-.-- to ——, calculated on the basis of a value of 1 for the 
7600 


a level value 70 


altitude on toxicity, it seems necessary to consider the humidity factor as 


well as the barometric factor even at such relatively low altitudes as 
10,000 feet. 

As altitude increases, the humidity factor becomes of greater impor- 
tance, but in practice the possibility of human systemic poisoning by a 
substance absorbed through the respiratory tract is ordinarily not great 
at altitudes above 10,000 or 15,000 feet in aviation, because oxygen 
equipment is commonly used. However, other surfaces which may be 
affected, e. g., by irritants, remain exposed at the higher altitudes. For 
ease of calculation in the following example, it is assumed conditions 
are such that the humidity of the air on the surface exposed is the same 
as that of the lungs; i. e., p (H2O) is taken as 47 mm. of mercury. 
Under these conditions of maximal humidity, the percentage concen- 
tration in the ambient air at 30,000 feet equivalent to 1 per cent in the 
ambient air at sea level is 3.33 per cent (3.33 X 0.30 — 1) if only 
barometric pressure is considered (table 2). However, if humidity is 
also considered, 4.16 per cent at 30,000 feet (4.16 & 0.24 = 1) is 
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equivalent to 1.06 per cent at sea level (1.06 0.94 = 1). This 
calculation shows that the humidity factor may be of considerable 
importance at higher altitudes. 

A limitation in the discussion to this point has been the provision 
that absorption of a toxic gas from air in contact with the body does not 
affect the concentration of the toxic gas in the air surrounding the body. 
It seems likely that this provision may be realized for many toxic gases 
in contact with skin and certain other exposed surfaces. However, gases 
in contact with alveolar surfaces of the lungs may be absorbed rapidly, 
and, as a result, alveolar concentrations will generally be less than those 
predicted in the foregoing pages. This fact does not destroy the usefulness 
of predicted concentrations in comparing toxic effects at different alti- 
tudes, since absorption at alveolar surfaces occurs at all altitudes. 
However, in making such comparisons, account must be taken of any 
change in rate or volume of respiration which would alter the degree 
of exposure to the gas. 


SUMMARY 


Concentrations expressed in terms of per cent or parts per million of 
ambient air do not adequately describe conditions encountered in aviation 
toxicology, primarily because (a) the amount of toxic gas present per 
unit volume (true concentration) is not stated and (b) the relationship 
between true gaseous concentration in the ambient air and true concen- 
tration in air from which bodily absorption occurs, e. g., alveolar air, 
is a function of altitude. 

The true concentration of a gas in air from which bodily absorption 
occurs may be calculated when the following are known: (a) the per- 
centage concentration of gas in the ambient air, (b) the barometric 
pressure, (c) the temperature and humidity of the air in direct contact 
with absorptive surfaces of the body and (d) the magnitudes of any 
gaseous exchange affecting concentrations in air in contact with the 
body. 

Calculation of true concentrations in air in contact with absorptive 
surfaces of the body are made for the special case in which gaseous 
exchange may be neglected and the water vapor tension is assumed to 
be 47 mm. of mercury. The calculations demonstrate the great impor- 
tance of barometric pressure in determining these concentrations and 
the smaller but significant importance of humidity in this regard. 

Equations for taking temperature into account are given, but calcula- 
tions are not made. It is pointed out that consideration of temperature 
introduces an additional complication, since the activity of a gas is 
dependent both on temperature and on concentration. The application 


of these calculations to problems of a more general nature is discussed 
briefly. 
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Abstracts from Current Literature 


General 


Heattu Prostems in Inpusteiatizep Acricutture. S. J. Axecrop, Am. J 


Pub. Health 39:1172 (Sept.) 1949. 


Axelrod first draws attention to the health hazards incurred by seasonal migra- 
tory farm workers due to poverty, bad conditions and, often, lack of medical wel- 
fare services. He refers to an analysis of accidents among 50,000 farm workers 
supervised by the United States Department of Agriculture which showed that an 
estimated 9 per cent of all cases of illness were due to accidents and that 3.1 man- 
days per thousand man-days were lost through injuries. Examples of toxic 
exposures and dermatitis are given, and data of incidence and nature of workers’ 
diseases examined. He concludes by emphasizing that nonoccupational diseases 
are a big factor causing disability among the workers and that the provision of 


adequate medical services is important R. J. Swenwoon, Brookline, Mass 


Discussion or InpustRiaAL Accrpents anp Diseases. Bulletin 105, United States 
Department of Labor, Bureau of Labor Standards, 1949, p. 336. 


Heart Disease Continvep Emptoyment. D. S, Smitn and J. S. 
Indust. Med. 18:355 (Sept.) 1949. 


From a ten year retrospective view the authors |present the histories of 8 
a employees who had heart disease without high grade disability and whose employ- 
| ability was questioned. Four types of heart disease are seen among employees 
In order of prevalence they are cardiovascular hypertension, coronary sclerosis, 
rheumatic heart disease and syphilitic heart disease. ' 

Factors to be considered in rating employability are (1) age—younger patients 
have a poorer prognosis—and (2) the degree and progress of cardiac enlarge- 
ment. Employees showing cardiovascular hypertension are useful as employees, 
with as short a period of disability before death as the average worker. The 
outlook for employees with acute coronary thrombosis is doubtful. In evaluating 
for employability and in following up, yearly roentgenograms are of great value, 
whereas the electrocardiogram alone may be misleading. 

The percentage of cardiac deaths in industry has doubled as compared with 
that of a preceding ten year period—37.3 per cent, 1940 to 1948; 19.0 per cent, 
1927 to 1939. The causes of cardiac deaths are classified and discussed. Plans 
are proposed for a study of arteriosclerosis in employees. 


Arnotp A. Lear, Boston 
SUMMARY OF Puysicat Frinpincs or Emptoyers Over Sixty 


Grorce A. Raut, Indust. Med. 18:360 (Sept.) 1949, 


Years or Ace. 


This summary concerns the 108 employees of an automobile factory. With 
increasing age there is an increase.in abnormal findings in the heart and the lungs, 
in roentgenograms of the chest and in electrocardiograms. A greater incidence 
of systolic and diastolic hypertension was correlated with increasing age. There 
was no trend in the incidence of inguinal hernia with increasing years. Saphenous 
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varicosities and glycosuria are potentially serious factors. Because of the increase 
in the average age of employees with concomitant physical defects, the industrial 
physician must add the fields of industrial gerontology and geriatrics to his list. 

A supplemental comparative study of employees 30 to 35 and 45 to 49 years 
is presented. Fewer abnormalities are detected in these younger groups on physi- 
cal examination or on study of a roentgenogram of the chest and an electrocardio- 
gram. With advancing age the number of employees suited to light work 
increases and a smaller number are fit for any work available. Consequently, 
older employees should be more frequently and more completely examined so 
that the changes discovered may serve as a health guide. 


Arnoitp A. Lear, Boston, 


EXPERIMENT IN EDUCATION OF THE OLDER WoRKERS. 
Med. 18:365 (Sept.) 1949. 


R. B. Rosson, Indust. 


The industrial physician must take the lead in the education of the older 3 
employees, because of his preferred position. It is necessary that they be pre- 3 
pared for the problems of later life. A course of ten lectures was organized for . 
working men of 55 or more years and their wives in which the following material : 
was discussed: general health and the aging process; psychologic factors; mental ‘ 


health; social and economic problems; leisure activities, including recreation and 
participation in community activities. The meetings were held outside the factory 
atmosphere, and the lecturers were experts in their fields. 


Arnotp A. Lear, Boston. 


Practica. Metuovs ror HaNnpiinc Psycuosomatic Prosiems INpuSTRY. 
Gorvon A. Eapre, Indust. Med. 18:369 (Sept.) 1949. 


Seven characteristics of a mature worker are: (1) emotional independence of 


parents, (2) a fully developed productive capacity, (3) relative freedom from infer- 


iority, egotism and competitiveness, (4) sexual maturity in the broader sense, 
(5) capacity for cooperativeness and gentleness (absence of hostility), (6) flexi- 
bility and adaptability and (7) the ability to face facts and deal with them 
realistically. 

In evaluating a worker's symptoms and complaints one must determine 
whether the complaint ties in with any change known to have occurred, whether 
there is a latent complaint and whether there is evidence of immaturity. The 
history should be correlated with the results of the physical examination, the 


symptoms, and the observations of the nurse and the supervisor, and the physician i 
should observe the employee and note his response to treatment 


In workers with psychosomatic complaints one should be certain that organic 
diseases are not overlooked: syphilis, degenerative disorders and alcoholism. The 
doctor must assume a neutral attitude and think in terms of maturity in handling 
these workers. If employment is to be continued, one should try simple reassur- 
ance or psychocatharsis and enlist the foreman’s help or alter the work environ- 
ment or do both as may be necessary. If the worker is to be discharged, he 
should be directed to a suitable source of outside help. 


Arnotp A. Lear, Boston. 


Wuart rHe HEALTH MAINTENANCE ProGRAM MEANS 10 AN OPERATING Division. 
C. W. Moyer, Indust. Med. 18:382 (Sept.) 1949 


Arnoitp A. Lear, Boston. 
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Heattn at Worx. Transactions Bulletin No. 10, Industrial Hygiene Founda- 
tion, Pittsburgh, Pa. 1948. 


rhis bulletin covers the transactions of the thirteenth annual meeting. It 
includes a series of ten short addresses and seven summaries of the activities of 
the Industrial Hygiene Foundation during the preceding year. 


Puitie Drinker, Boston. 


Occupational Diseases and Hazards 
Miners’ Nystacmus, D. Camppeit, M. Press 222:303 (Sept.) 28) 1949. 


According to Campbell, miners’ nystagmus is a disease confined to coal miners 
of Great Britain and of Europe. It is a certifiable disease, the disabling effect 
and incidence of which are such that it ranks as one of the major health problems 
of the coal-mining industry of Great Britain. Its origin and cure are still unknown. 

The majority of the patients are workers who have spent at least twenty years 
on the coal face, and it is usual for them to break down between the ages of 40 
and 50. They complain of the constant oscillation of objects, particularly of light 
sources, and of giddiness, photophobia and occipital headache. The eyes frequently 
show active oscillations of a rotary type, and there is tremor of the lids, sometimes 
with tremors of the whole body. The miners are unable to see well in the distance 
or to read, Some 20 per cent have sufficient determination to seek work on the 
surface immediately, and they usually make a better recovery than those who stay 
at home. Prolonged inactivity leads to the development of psychoneurotic symp- 
toms, which finally dominate the clinical picture and lead to permanent unemploy- 
ment in 10 to 15 per cent of the cases. The peridd of unemployment of the 
majority is not less than six months and may extend to two to three years. 

In Great Britain, where compensation has been pajd more readily than on the 
Continent, the incidence of newly certified cases of miners’ nystagmus has shown 
a fluctuation which corresponds with the economic state of the times or of the 
locality; e. g., the numbets have risen when there was trade depression, and have 
fallen when wages were high. In the past two years there has been a considerable 
decline in certification but not in the disease. Thete are a large number of coal 
face workers who are suffering from oscillations who at any time may give up work 
and seek certification. In many respects, therefore, miners’ nystagmus may be 
regarded as a psychosomatic illness. 

A large amount of evidence has been accumulated during the past sixty years 
which points to the fact that the oscillations are |due to the very low level of 
illumination of the mines. In America, where good|cap lamps have been employed 
for years, nystagmus is unknown. In Great Britain, nystagmus does not occur in 
the “naked light” pits, where illumination is much better than in “safety light” pits. 
A standard improvement of the lighting of some of the latter pits, from oil lamps 
to electric hand lamps, and from hand lamps to cap lamps, has been followed by 
a decrease of the incidence of nystagmus in underground workers. 

The visual difficulties experienced by the miner can be explained only on the 
basis of the physiologic processes of the dark-adapted eye. The change from cone 
to rod function takes place at an illumination of about 0.01 foot-candle, and central 
vision then gives way in favor of peripheral vision. The actual illumination on the 
coal surface often falls below 0.f foot-candle, which is close to the margin for 
effective central vision. 

In a mild case the worker will determine for himself the date of his return 
to work, but he should be given a general examination to exclude coincident dis- 
ease, and mild sedatives if necessary. In severe cases, sleeplessness and headache 
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seriously hamper recovery and sufficient large doses of phenobarbital should be 
given to insure adequate sleep. An initial period of rest in bed often has a bene- 
ficial effect in lessening the oscillations. Wearing of glasses and a course of 
orthoptic training will also help. An experiment in residential rehabilitation which 
was carried out recently with 60 miners who were not fit to return to work within 
three months of certification has shown that while they were unable to perform 
physical exercises without giddiness, they were active in swimming and walking 
and were interested in handicrafts. Forty-three men returned to work on leaving 
the center. In a parallel group followed up as outpatients in a hospital center, 40 
returned to work. In each group there was a residual 10 to 15 per cent who were 
unemployable on account of either age or definite psychoneurosis. The figures 
available for previous years, when patients were just left alone, show that only 45 
per cent returned to work within a year, in contrast to 72 per cent of men who 
returned to work after residential rehabilitation, which provides the opportunity 
for psychiatric treatment in the cases of the younger men, in whom the psychiatric 
aspect of the disease often predominates. 


“Eoc Catcirications Siticosis. C. E. Grayson and H. BLumMENFELD, 
Radiology 53:216 (Aug.) 1949. 


Grayson and Blumenfeld call attention to the characteristic calcium densities 
that are seen in chest roentgenograms of men having silicosis. These shadows are 
seen as more or less regular rings in the hilar or the mediastinal regions of the 
chest. They have been designated as “eggshell” or “mulberry” calcifications. They 
are circular or ovoid in shape. The authors aim to correlate the history, the clinical 
are roentgenographic findings and the histopathologic observations in an attempt 
to produce a clearer picture of this phase of silicosis 

The data reviewed concern 200 patients with silicosis. The fact that these 
patients were from a mining territory in which there was no crowding of the 
population may explain the low incidence of tuberculosis in them. Roentgenograms 
of the chest and recorded data were available in 114 of the 200 cases. In 60 of 
these necropsy confirmed the diagnosis of silicosis. In 88 cases there were sufficient 
data for approximate dust exposure statistics. “Eggshell” calcifications were 
observed in 40 cases. In 3 instances there was only a note that the man had been 
a hard rock miner. and these 3 cases were not included in the group of 88. In none 
of these 3 was there clinical evidence of tuberculosis. In 1 there was histologic 
evidence of arrested tuberculosis, and in | there was no histologic evidence of 
tuberculosis at postmortem examination. Autopsy was not done on the third. The 
remaining 37 cases with “eggshell” calcifications are compared with the 51 cases 
in which there were no visible hilar calcifications. 

The authors feel that the studies on these patients suggest a reasonable hypothesis 
regarding the “eggshell” calcifications. These calcium deposits occur in silicotic 
patients as the result of silicosis without superimposed tuberculous infection and 
probably without other infection. Silicotic material predominates and the common 
denominator is silicosis. The calcifications occur long after the original exposure, 


especially in milder involvements; they are not seen in severe silicosis terminating 


in death within a few years of exposure. They occur in previously existing lymph 
nodes but not in lung tissue. The deposition of calcium begins diffusely throughout 
the node but later becomes more prominent beneath a heavy capsule that forms 
around the node. 

Though the peculiar configuration of the calcium deposit seems to be char- 
acteristic of and confined to silicosis, it cannot be stated that it might not occur 
in chronic noncaseating lymphadenitis of other origin. No other causes have been 
reported with any reasonable supporting evidence. 

The presence of “eggshell” calcifications in lymph nodes indicates silicosis. 
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An Ovurpreak or Cases oF RAYNAUD's PHENOMENON oF OCCUPATIONAL ORIGIN. 
Joun N. Acate, Brit. J. Indust. Med. 6:144, 1949. 


Agate has presented a thorough and scholarly report on the circulatory reac- 
tion of workers’ hands to vibrations of power driven tools and has made his points 
concrete by describing a specific group under his observation. He obtained 
278 case histories and found that 69.9 per cent of the 233 men and 47 per cent 
of the 45 women had complaints related to the operation of a rotary tool used 
in polishing metal castings. Agate discusses the problem of correctly naming 
these occupational effects Raynaud's phenomenon rather than using the restricted 
term “Raynaud’s disease.” A wealth of material relating to the clinical picture, 
such as effect of temperature, work and age, the correct means of diagnosis and 
proper preventive management, is included. ; 

The complexity of the compensation awards made in cases of Raynaud's phe- 
nomenon is courageously discussed pro and con. Since the character of the job 
is so directly concerned in disability and consequent economic status, reasonable 
compensation decisions are hard to visualize. 

Agate looks to the engineers for the solution of the problem of harmful effects 
from vibrating tools. He states that the vibrations in the harmful range (40 to 
125 cycles per second) must be eliminated, since various protective devices have 
been shown to be useless. 


Harrier L. Harpy, Cambridge, Mass. 


HaEmMosiperosis AND Dust Reticucation or Coat-Miners (AN INTERESTING 
Case Report). A. Merkieyoun, Brit. J. Radiol. 22:547 (Sept.) 1949. 


Meiklejohn says that the similarity of the roentgenographic appearances of 
the hemosiderosis in certain cases of mitral stenosis and those of the dust reticula- 
tion of coal miners is now well recognized. The differential diagnosis, however, 
should seldom caus¢ dificulty if clinical and roentgenographic findings are con- 
sidered in relation 'to the precise details of the occupational history, but one 
should not overlook the possibility that the two conditions may coexist, though 
the combination must be exceedingly rare by reason of the seriousness of the 
cardiac lesion, the physical strain of work as a miner and the long period of, 
exposure required for the development of pneumonoconiosis. 

The author presents the history of a miner who had rheumatic carditis and 
mitral stenosis, The condition of the heart was associated with hemosiderosis 
and pneumonoconiosis of the silicotic and dust r¢ticulation types. Postmortem 
examination corroborated the coexistence of the cdoditions 


Tue Prronmar Sinus. 
J. Surg. 19:29 (Aug.) 1949. 


E. 


S. J. Kino, Australian & New Zealand 


King presents the histories of 4 patients, all barbers, in whom pilonidal sinuses 
developed in the interdigital spaces. These suppurations arose as a result of the 
work as barbers. Short pieces of hair penetrate the skin of barbers frequently. 
If barbers are observed at work, hairs are seen to accumulate between their 
fingers. Furthermore, if even a small depression is formed, hairs in the region 
find their way into it. Some of the hairs which become embedded in the skin 
give rise to an infection, and thus a small opening in the skin begins. If this is 
just behind the web, one or more hairs will enter it, perhaps only temporarily; 
as the result of repeated insults, the opening persists and becomes larger. Epi- 
thelization of such a depression or pit is commonly observed. 

Pits of this kind are to be found in various parts of the body. The best known 
are the sacrococcygeal sinuses, in which there exists a pit of variable depth, lined 


i 
4 
q 


ABSTRACTS FROM CURRENT 


LITERATURE 259 


by granulation tissue or epithelium, containing hair and liable to infection with 
formation of abscess and secondary sinuses. 

The author feels that the observations described here make it clear that the 
prevailing view regarding “pilonidal” sinuses must be broadened: They are found 
in many areas; the site may vary within an area; they are postnatal in develop- 
ment, there being no apparent embryonal basis for their antenatal development 
in the interdigital area; they develop in a previously normal area; the hair in 
the sinus is extraneous, 


Industrial Toxicology 


Lire Hazarps AND NATURE OF THE Propucts Formep WHEN CHLOROBROMO- 
METHANE EXTINGUISHER Liguw Is Apptiep to Fires. A. F. Matson and 
R. E. Durour, Research Bulletin, no. 42, National Board of Fire Underwriters, 
1948. 


The chief gaseous decomposition products of chlorobromomethane (CH.BrCl) 
applied to gasoline, alcohol and wood fires, to gas flames, hot iron surfaces and 
electric arcs include hydrochloric acid and hydrobromic acid, carbonyl halides 
(including phosgene and bromophosgene) and in some cases free clorine and 
bromine. The vapor of chlorobromomethane concentrations of 0.8 to 1.0 per cent 
by volume in air, before thermal decompensation, caused the death of guinea pigs 
exposed for two hours, and in concentrations of 2.0 to 2.4 per cent was fatal to 
guinea pigs exposed for one hour. When applied to test fires involving gasoline, 
alcohol and wood as fuels, chlorobromomethane produced an atmosphere in a 
720 cubic foot (about 20 cubic meter) test room which for durations of exposure 
of the order of fifteen to thirty minutes was lethal or caused serious injury to 
guinea pigs. Its vapor in initial concentrations of 0.8 per cent by volume in the 
air surrounding a gas flame in a 500 cubic foot (14 cubic meter) test room produced 
an atmosphere fatal or highly injurious to guinea pigs for exposures of five to 
fifteen minutes. The toxic hazard of chlorobromomethane corresponds to that of 
products rated class !1I1, which includes tetrachloromethane, or carbon tetrachloride 
(CCl), in the Underwriters’ Laboratories Report MH2375, entitled “The Com- 
parative Life, Fire, and Explosion Hazards of Common Refrigerants.” 


Josep M. Perrt (Chem. Abstr.) 


InpuSTRIAL Spororricuosis. H. M. Rosinson, South. M. J. 42:343 (April) 1949. 


According to Robinson, sporotrichosis is not a common disease. It has not 
been seen in the vicinity of Baltimore for the past twenty-five years. It seemed 
unusual, therefore, that 3 patients should have come to the office of the author 
within a six month period, all giving a history of having been exposed to possible 
industrial sources of infection. 

The first of these patients was seen originally at the University of Maryland 
Hospital Skin Dispensary, and his disease was first diagnosed as gummatous 
syphilis. This was apparently verified by repeatedly positive serologic tests for 
syphilis, and the patient was therefore given treatment. As the lesions, which 
were on the patient’s back, did not involute with antisyphilitic therapy and remained 
fluctuant, boggy nodules, a culture of the material was made, and a characteristic 
growth of Sporotrichum schenckii resulted. The patient, a stevedore, said the 
lesions appeared after he had carried a paper bag containing fertilizer on his back 
This patient was followed a few months later by another, sent by an insurance 
company. He claimed that a bit of asbestos (rock wool) had struck him in the 
hand and that some weeks later an ulcer had appeared on the hand, followed by 


several more lesions of a nodular type, extending up the arm. Two months later, 
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the third patient appeared, sent by the same firm, and this one gave the same 
history as the previous patient had, namely, that a bit of asbestos had struck him 
in the hand and that, following this, lesions had appeared, extending up the arm. 
The last patient reported a fourth patient, who was seen by another physician. 
In spite of fairly extensive investigation, it has been impossible to link the two 
groups of patients. None of these patients had been out of the city for the preceding 
five years. 

Treatment consisted of administration of potassium iodide by mouth, sodium 
iodide by intravenous injection, and roentgen therapy. 

Two of these patients have been discharged as cured, and the third is improving, 
he being the first patient who was seen, and the most extensively and systemically 
involved. 


Heattu Hazarps IN THE CHLoropRENE Russer INDUSTRY AND THEIR PREVEN- 
TION: A CLINICAL AND EXPERIMENTAL Stupy, witH SPECIAL REFERENCE 
TO CHLoROoPRENE AND Its OxIpATION AND POLYMERIZATION Propucts. 
Axe E. Nystrom, Acta med. Scandinav. (supp. 219) 132:1, 1948. 


When rats were exposed for eight hours daily to air containing 1.2 mg. chloro- 
prene per liter, half died in thirteen weeks, whereas a concentration of 0.2 mg. 
per liter was not toxic. A concentration of 0.002 cc. of chloroprene per liter of 
Tyrode's solution or 0.01 cc. per liter of Ringer’s solution had a definitely depressant 
action on the isolated frog or rabbit heart. In rabbits inhaling the substance, arterial 
blood pressure fell sharply. Amounts of oxidized chloroprene varying from 0.000125 
to 0.008 cc. per gram injected subcutaneously into rats| increased the weight of the 
lungs from 0.7 to 0.8 per cent to 1.3 per cent of body weight, because of hyperemia 
with pulmonary edema. Unoxidized chloroprene did not produce this effect. The 
urea clearance of rats decreased 50 per cent after they had inhaled for six hours 
air containing 5 mg. of oxidized chloroprene per liter. The narcotic effect increased 
with the degree of polymerization. Prolonged inhalation (1.2 mg. per liter of air) 
produced secondary anemia and moderate leukocytosis, which was not observed 
with a smaller concentration (0.2 mg. per liter of ain). The oxygen capacity of the 
blood and the time of coagulation decreased; the hematocrit value increased. By 
proper precautionary hygienic measures for reducing atmospheric concentration 
of chloroprene, symptoms of disease were almost completely eliminated from 


workers in the factories. S. Morcutts (Cnuem. Apstr.). 


| 
Medicine and Surgery 


Tue Conservative TREATMENT OF INDUSTRIAL INTERVERTEBRAL Disc INyuRIEs. 
Eucene Loopresxo, Indust. Med. 18:457 (Nov.) 1949. 


Seventeen persons were treated for industrial low back injuries, whose referral 
diagnosis was herniated disk. The group comprised all those referred with this 
diagnosis, selected from about 200 treated by the author, for back sprain in 1948. 
The treatment employed in all was active and passive progressive fascial-liga- 
mentous stretching exercises of the back and legs, combined with manipulations 
of the back. Two persons so treated had postoperative herniated disk. Their 
return to work was notably accelerated by this method of treatment. Of the 
remainder who were given conservative treatment, 2 received a light settlement, 
and 1 received continuing treatment. Of these 3 patients 2 were ultimately 
classed as presenting primarily psychoneurotic problems. The third had a pre- 
existing significant congenital deformity. Twelve patients returned to former work 
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without settlement. Of these 12 patients, 5 did not have disk injuries, and 7 probably 
did have significant disk injuries. In the latter group the duration of treatment 
averaged slightly over two months. 

A review of the literature reveals that the results of surgical treatment of indus- 
trial injuries diagnosed as rupture of an intervertebral disk are poor. Conservative 
treatment is advocated by most authors, but the varying results of conservative 
treatment testify to the increased efficacy of certain methods as compared with the 
others. The average period of treatment prior to referral in the nonsettlement 
cases was seven weeks. Yet in these cases the conditions complained of subse- 
quently responded satisfactorily to the form of treatment mentioned in the fore- 
going paragraph. This indicates the paramount importance of a course of 
conservative treatment of the proper kind and suggests that surgical intervention 
should be considered only in those infrequent cases in which the patient fails to 
show a satisfactory response. 


From tHe AutHor’s SUMMARY. 


INDUSTRIAL MEDICINE AT THE Saco-LoweLt Suops. F. S. Barpen, J. Maine 


M. A. 40:181 (July) 1949. 
Barden describes the program of industrial medicine now in force in the Saco- é 
Lowell Shops of Biddeford, Maine. There is an “in-plant medical care plan” and : 
an “out-of-the-plant care plan.” 4 


The “in-plant” care has been changed and extended and cooperates closely with 
the safety department. 

First aid is given to all the injured, and employees who become ill while on 
the job are given emergency treatment and then sent to their family physician for 
further care and follow-up. Employees who do not have a family physician are : 
given a list of capable men to choose from, and after their choice is made, they are 
sent to the doctor of their choice. ; 

A comprehensive preplacement physical examination is given to all prospective : 
employees, as well as to all employees returning to work after a siege of illness. 

A visual evaluation test is done on the “ortho-rater,” and if there is any indication 

for a roentgenogram of the chest, the employee is sent to the City Hospital for one. 

Physical examination of the executives and all supervisory employees is an annual 

program. This is similar to the preplacement physical examination; however, the 

subject is advised of any physical findings and it is suggested that he see his own 

physician. The State Department of Health brings a chest survey unit to the 

plant every two years. Medical supervision of the medically absent employee is : 
extensive and is done with a view to controlling possible epidemics that might be 
brought into the plant. There has also been immunization for virus A and B 
influenza. 

The medical department is consulted in the placement of employees and in 
transfers. 

Good medical care outside the plant has been made possible by a group hos- 
pitalization plan. 


NEURITIS AND NEURONOPATHY IN INDUSTRIAL MEDICINE. 
York State J. Med. 49:2149 (Sept. 15) 1949. 


O. C. Perkins, New 


Perkins believes that neuritis occurs more often as the result of indirect than 
of direct trauma to peripheral nerves. Injuries to muscles and tendons constitute 
a large group of disabilities in industrial medicine. Although the maximum dis- 
comfort immediately following the injury is localized in the area traumatized, it is 
not unusual for neuritis to develop at a later date 
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Interstitial neuritis may follow the onset of acute bursitis arising from trauma- 
tism. This most often occurs in involvement of the deltoid or subacromial bursa 
A similar type of neuritis may occur in instances of myositis and calcium deposits 
in the supraspinatus muscle. It is reasonable to believe that the muscle spasm is 
responsible for the nerve irritation 


Brachial plexus neuritis may occur in certain persons because of abnormal 
development of the shoulder girdle or of the brachial plexus, when such persons 
change to a type of gainful occupation which requires unusual or awkward postures 
and produces abnormal relationships between the shoulder girdle and the thoracic 
cage and the cervical region. 


One of the very common disabilities in industrial medicine is low back pain 
In many instances the pain remains localized in the region of the sacroiliac joint 


as a result of a sprain, and at some later date a sciatic syndrome develops. In 
what appears to be a simple injury, the presence of irritative nerve lesions should 
not be underestimated, for they can bring about widespread reflex changes 


According to the internuncial pool concept, an organic lesion in the somatic 
regions involving sensory nerves serves as a trigger point. Afferent impulses 
arising from this trigger point spread over the neuron network, and thus the distant 
neuron systems become involved. In this way new sources of pain may originate 
which may serve as new trigger zones, and a vicious circle is formed. <A better 
understanding and appreciation of post-traumatic pain syndromes is encouraged 

A careful survey should be made by physicians trained in orthopedics, neurology 
and neurosurgery before the organic features are doubted and a diagnosis of 
traumatic neurosis or of malingering is established. This is of great importance 
4 A wrong evaluation of the chronic disability may be pr¢vented by realizing that the 
investigation should be as thorough as with any other|type of diagnostic problem. 
There are too many instances of a patient receiving symptomatic treatment while 
the original complaints persist and new symptoms appear. Cases presenting chronic 
features which are subject to dispute and misunderstanding are the most difficult 
for the compensation board to adjust. The treatment should be carried out, or at 
least supérvised, by orthopedic surgeons or physicians trained in physical medicine 
unless there are indications for neurosurgical exploration. 

If these suggestions are considered, the period of rehabilitation will become 
shorter and there will be less danger of a permanent partial or total disability 


Determination of Air-Borne Contaminants 


DETERMINATION OF Free SULPHUR IN THE ATMDSPHERE. Pavut L. MacILt, 
Myra_V. Rotston and Raymonp W. Bremner, Analyt. Chem. 24:1411 
(Nov.) 1949, 


A sensitive specific field test for elementary sulfur aerosol was developed in a 
study of toxic effects of air-borne sulfur. An-adaptation of Feigl’s spot test for 
elemental sulfur resulted in a method capable of determining concentrations as low 
as 0.05 p.p.m. of sulfur to within 90 per cent accuracy, using 1 cubic foot of air 
The procedure is- based on the fact that thallium polysulfide is formed by sulfur 
and thallous acetate when they are treated with hydrogen sulfide in the pores of 


filter paper. Thallous acetate papers prepared this way may be stored several 
weeks for field use. Aerosol samples are analyzed by spotting the portion of the 
paper through which the gases have been passed with a drop of pyridine, immers- 
ing the paper in hydrogen sulfide, washing with acid and comparing the poly- 
sulfide spot with standards. Studies, yet unpublished, have revealed that for 
amorphous and crystalline forms of the aerosol causing ocular irritation, the thres- 
hold values are 0.2 and & p.p.m., respectively 


From tHe AutHors’ SUMMARY 
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DeTEecTION OF VOLATILE Vapors AND Noxious GASES FROM THE VIEWPOINT OF 


Recovery AND InpustrRiaL Hycrens. Lftonce Barst, Indust. parfum. 4:48, 
1949. 


When air containing a halogenated hydrocarbon is passed through a red hot 
tube, a haloid forms a fog with the water of the air. The opacity of this fog is 
proportional to the halogen content and can be measured photometrically The 
method is extremely sensitive but is limited to the detection of halogen-bearing 
compounds and to carbon disulfide. By use of a reagent (which is not disclosed) 


which is under certain conditions insensitive to carbon disulfide, the apparatus can 
be utilized for the detection of organic vapors yielding carbon dioxide on pyrolysis. 
Photographs of the industrial and laboratory models consisting of a pyrolysis 
furnace, a tube for projecting a beam of light, a photocell, milliammeter and a 


pump are shown From CHEMICAL ABSTRACTS 


RETENTION oF AEROSOLS IN Respiration, I. Livsuirts, 


G. S. Erensurc, Higiena i Sanit. 13:17, 1948 


E. T, and 

When a “smoke” of zinc oxide (40,000 to 360,000 particles per cubic centi- 
meter) and cadmium oxide (65,000 to 400,000 particles per cubic centimeter) is 
inhaled, 42 to 90 per cent of the dust is retained, the retention of the zinc oxide 
being somewhat higher than that of the cadmium oxide. More cadmium oxide is 
retained with mouth than with nose breathing; more zinc oxide, with nose than 
with mouth breathing. 

When a quartz and aluminum dust (3,500 particles per cubic centimeter) is : 
inhaled, there is 47 to 8 per cent retention, with larger particles being retained more 
readily than smaller ones (maximum retention at 1 to 3 microns); submicroscopic 
particles are retained to the extent of 62 per cent. If 10 per cent aluminum dust 
is added to quartz dust, the retention is somewhat lower than that expected from t 
arithmetic summation. Increasing the concentration of aluminum dust from 50,000 
to 150,000 particles per cubic centimeter increases retention by 18 to 46 per cent. 


Estimating the amount of changed particles in the dust (ceramic and aluminum) | 
by passing the air through a cylindric condenser indicates that the changed particles 
play a great role in determining to what extent the dust is retained in the respiratory 


From CHEMICAL ABSTRACTS 


Ventilation, Air Conditioning and Engineering Control 
Evacuation or AgRIAL Bactericipes, Ann. Chem. & Indust. 1949, p. 115. 


The test chamber should have a capacity of 500 to 1,000 cubic feet (about 15 
to 20 cubic meters). The interior surfaces should be coated with a nonabsorbent, 
washable, light-colored, glossy paint, and any windows should be covered to prevent 
daylight or any other light from affecting the test. Operational controls should be 
outside the room. Incoming air should be filtered. The chamber should be venti- 
lated with an exhaust fan producing an air displacement of 1,000 cubic feet per 
minute, and inside should be two fans producing a maximum air velocity of 900 


cubic feet (about 25 cubic meters) per minute to insure adequate mixing. The 
temperature should be controlled at 20+ 3 C. and humidity at 60+ 5 per cent 


The test organisms should be sprayed in with a standard jet and air samples col- 
lected with a slit sampler. With the technic specified, aerial bactericides should 
reduce the bacterial content of the test chamber by 85 per cent 


From CHEMICAL ABSTRACTS 
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Proper Ark MAINTENANCE Pays Inpustry 1x Goop Resutts. B. G. 
Evans, Heating, Piping & Air Conditioning 21:86, 1949. 


Evans states that “a filter installation is only as good as it is maintained” and 
cites a number of practical suggestions for servicing paper filters, electrostatic 
precipitators and viscous filters. M. W. Frast, Boston. 


Tue Use or tae Wet Kata THERMOMETER ON THE WITWATERSRAND. P. H. 
Krrto, J. Chem., Metallurg. & Mining Soc. of So. Africa 50:1 (July) 1949. 


Formulas are derived, correlating wet kata thermometer reading, air velocity 
and unventilated wet bulb temperature, which give better practical results under 
local conditions than existing formulas. The effects on the wet kata of high dry 
bulb temperatures and of radiation from a surface at 125 to 130 F. were investi- 
gated. At constant wet bulb temperature the former has little effect, while the 
latter becomes important only when the kata reading is very low. From compari- 
sons of different sized spheres it is shown that under the conditions tested the loss 
of heat per unit area of a wet spherical surface varies approximately as d°-5 
(where d is not less than 2.5 cm.) and that for a sphere comparable in size to a 
human being the rate of the loss of heat per unit area might be approximately 
one-eighth that of a sphere near the size of a kata. It is shown also that this 
ratio does not alter much with changes of air velocity, so that as far as size alone 
is concerned the kata thermometer can be compared without great error with a 


human being. R. J. SHerwoop, Brookline, Mass. 


Tue Controt or Excesstvery Hicn Errective TEMPERATURES. ROBERT 
Crow.ey, Month. Rev. New York State Dept. of Labor 28:25 (July-Aug.) 
1949. 


The author considers the effects of high temperatures and humidities, their mean- 
ing and the importance of their control; he also deals with the modes whereby that 
control may be applied to several industrial processes. 


Radioactive Substances and X-Ray 


Beta Ray Burns or Human Skin. N. P. Know ton and others, J. A. M. A. 
141:239 (Sept. 24) 1949. ! 


Four cases of beta ray burns of the hands are reported. 

Although small doses of beta rays are not considered a serious external radio- 
logic hazard, larger doses of this form of ionizing radiation are seriously destructive. 
The clinical response evoked by such irradiation may be divided into four phases: 
1. A sensation of tingling and itching at the time of exposure, followed within a 
matter of hours by a slight erythema and edema (sometimes associated with 
blanching of the skin), which lasts for two to three days. 2. A latent, asympto- 
matic period of three to five days. 3. A secondary erythema, which is soon followed 
by formation of~vesicles and bullae. The vesicles dry and desquamate after about 
three weeks, leaving a new layer of thin epithelium. 4. A chronic phase char- 
acterized by atrophic epithelium and loss of secondary epidermal structure. Tel- 
angiectases, hyperkeratoses and cancerous degenerations are potential complications 
which may develop over a period of time. Sometimes, especially in persons receiving 
a lesser exposure, phase 1 and 2 may pass unnoticed or may be absent altogether. 
In view of the time lapse between exposure and phase 3, any exposure to beta 
radiation should be taken seriously. 
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The only significant hematologic findings were neutrophilia, an increased sedi- 
mentation rate, an increase of the number of refractive granules in the cytoplasm 
of the lymphocytes and low grade reticulocytosis. Liver function tests, nitrogen 
balance studies and urinalyses gave consistently normal results. Local treatment 
consisted of routine burn therapy with accessory chilling and, later, surgical 
débridement and skin grafting. General treatment involved use of rutin, a high 
protein diet and multiple vitamins and parenteral administration of penicillin. The 
prognosis is dependent on the status of the vascular supply of the burned areas, 
especially as this is related to the skin grafting. Careful late follow-up studies 
are necessary in order that early cancerous changes may be recognized. 


From tHe SUMMARY 


Hazarps To Puysicians, Patients, Nurses, aNp Orners Use or Rapio- 
active Isoropes. W. Epwarp CHAmpertarn, R. R. Newer, Lauriston 
TayYtor and Haron Wyckorr, Am. J. Roentgenol. 61:726 (May) 1949. 


The authors discuss the problem of radiation injury. They stress the fact that 
there is no antidote for this type of injury; so particular caution must be practiced 
on the part of the operator to prevent injury of the patient and of himself. The 
various types of external and internal irradiation are also mentioned. Patients’ 
hazards arise mostly from errors which physicians make in calculating intensity 
doses. Wet and dry isotope-containing wastes have to be disposed of by collection 
and isolation (deep burial, etc.) rather than by dilution and distribution, because 
some algae and other plant forms are able to reconcentrate these materials. A 
table is included which lists the hazards from radioactive isotopes. It may be used 
as a guide for adequate medical control of these materials. 


From ABSTRACTS. 


Sare DisposaL or Raproactive Wastes. Artaur Gorman, Civil. Engin. 
19:29, 1949. 


Cooling water is held Jong enough to permit decay of radioactive energy. Air 
used in cooling nuclear reactors is filtered through roughing and final filters to 
remove contaminating dust and chemical fumes before discharging. Radioactive 
argon is the principal contaminant of clear air. Under proper meteorologic con- 
ditions, high stacks and high velocity of discharge, disposal is satisfactory. Under- 
ground disposal methods are used for liquid wastes. Solid wastes not reclaimable 
are buried with suitable protection. Contaminated equipment is held in storage 
for an adequate decay period. Problems in monitoring air and water containing 
radioactive contaminants are discussed. 


Hiren (CHem. Apstr.). 


Tue Prorection oF PERSONNEL ENGAGED IN ROENTGENOLOGY AND RapbIoLocy. 
F. T. Hunter, O. E. Merritt, J. G. Trump and L. L. Rossins, New 
England J. Med. 241:79 (July 21) 1949. 


An exposure film badge is described (which measures the dose and the quality 
of the radiations) in connection with a preliminary report on an investigation of 
the direct and indirect radiations to which radiologists are exposed. It was found 
that the scattered radiations during a fluoroscopic examination are much more 
penetrating than the direct beam, and, while greatly reduced in intensity, are still 
capable of penetrating the blood-forming organs of the examiner. The technic of 
the manipulation of the film badge is presented, together with methods of process- 
ing the film and interpreting the exposure dose. The significance and importance 
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of the physical data acquired from this investigation are discussed in detail, and 
graphs of the intensities of radiation under filtering conditions and voltage changes 
are included. A monitoring system for the roentgenologic personnel is also 
described, and consists of the uniform use of film badges and examination of the 
blood (hemoglobin determination, white cell count, differential count and observa- 
tion of the stained smear), the results of which are tabulated periodically and entered 


in individual healt cords 
dual health records From Nuctear Scrence ABSTRACTS. 


Rapration Exposures From tue Use or Suoe-Fittinc FLuoroscoprs. CHaRLes 
R. WittiaMs, New England J. Med. 241:333 (Sept. 1) 1949. 


Measurements on shoe-fitting fluoroscopes in use show that the foot dosages 
may range from 0.5 to 5.8 roentgens (r) per second (time of exposure, five to 
forty-five seconds), that wall leakage may range from 3 to 60 milliroentgens (mr) 
per hour and that scattered radiation amounts to more than 100 mr per hour at 
distances up to 10 feet (3 meters) from the unit. 


From tHe Autnor’s SUMMARY. 


PorentiAL DANGERS IN THE UNCONTROLLED Use or SuHor-Fritrinc FLuoroscores 
L. H. HempretMann, New England J. Med. 241:335 (Sept. 1) 1949. 


It may be said that the type of radiation injury most likely to result from 
the unsupervised use of low voltage fluoroscopes in shoe stores is a malformation 
of the feet of growing children. Such deformities may occur in the absence of 
roentgen reactions of the skin. Damage of the skin ‘of the feet of customers and 
injury of the blood-forming tissues of stores employees are possible consequences 
of the misuse of the shoe-fitting fluoroscopes. Thegye dangers can be controlled 
by proper regulation of the use of the machines. 


From tHe Autuor'’s SUMMAR\. 


ON RaptatTion Prorecrion. H. H. Nucleonics 4:62 
(June) 1949. (See also Nuclear Sc. Abstr. 2:235.) 


This bibliography includes several hundred references under the following gen- 
eral headings: (1) reviews, (2) general biologic effects of radiations, (3) blood 
changes due to radiation, (4) radiation sickness, (5) atomic bomb effects, (6) 
tolerances doses and dosage measurements, (7) radiation exposure monitoring, (8) 
health protection measures, (9) dust monitoring and hazards, and (10) laboratory 
designs. (To appear as part of a report from the Committee on Nuclear Science 
of the National Research Council. A more comprehensive bibliography on this 
subject is being compiled by the author for the United Nations as “An International 
Bibliography on Atomic Energy. Vol. Il—Scientific aspects.”) 


From Nuciear Scrence ABsTRACTS. 


OBSERVATIONS ON THE BLoop or CyCLoTRON WorKERS. 
Barnes, Phys. Rey. 75:1765, 1949. 


M. INGRAM and S. W. 


The blood of persons who work with the Rochester cyclotron contains very 
early mononuclear cells and cells which appear to be lymphocytes with bilobed or 
double nuclei. These cells are present in very small numbers. Both types of cells 
have been found in persons with certain infections; there is no evidence that these 
findings in cyclotron personnel are due to infection. These findings may indicate 


radiation damage. G. M. Petty (CHEM. Apstr.). 
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Obituaries 


CLARENCE O. SAPPINGTON, M.D., D.P.H. 
1889-1949 


Dr. Sappington died on Nov. 6, 1949, following a coronary attack. 
He was one of our first students at the Harvard School of Public 
Health, a distinction of which both he and this school were proud. He 
got his public health doctorate in 1924, submitting a thesis which served 
as a guide and pattern for the interpretation of much of the industrial 
morbidity statistics of today. It was entitled “A Five Years’ Sickness and 
Accident Experience in the Edison Electric Illuminating Company of 
Boston.” One can see clearly Sappington’s early appreciation of the 
public health point of view, carried through into his subsequent 
publications. 

He was only 60 when he died, a man in his prime professionally, 
a staunch upholder of the preventive aspect of industrial medicine and 
one of the first specialists to be certified by the American Board of 
Preventive Medicine and Public Health. 

He was recognized as a keen and accurate reporter of technical 
meetings. The journal, /ndustrial Medicine and Surgery, which he 
edited was properly jealous of his abstracts and reports of meetings. 
I have had frequent occasion to reread and use some of these reports—for 
example, those on the Saranac symposiums, the General Motors medical 
meetings, our own symposium “The Environment and Man,” and the 
annual industrial medical meetings. 

He became one of our foremost consultants in industrial medicine 
and industrial hygiene. He was at his best in making surveys and 
reports and testifying as to his findings. We use as a textbook his 
report to the Industrial Hygiene Foundation entitled “Industrial 
Health Department Functions and Relationships, 1945-1947.” 


He was always good company, a genial man, who kept his balance 
and his kindly disposition even when he lost his only son in this last war. 
He loved good music and played the piano and the bass viol, accom- 
plishments which he kept up throughout his life. He will be greatly 
missed by a host of friends and professional acquaintances. 


Puitip DRINKER. 
Harvard School of Public Health, Boston. 
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CLARENCE O. SAPPINGTON, MD. 
1889-1949 
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Book Reviews 


The Pharmacology and Toxicology of Uranium Compounds. By Car! 
Voeglin and Harold C. Hodge. Volume I: Pages XVII, part 524. Volume 
2: Pages 525 to 1084. Pages 1,084. Price $10. McGraw-Hill Book Com- 
pany, Inc., 330 W. 42d St., New York 18; Aldwych House, Aldwych, London, 
W.C.2, 1949. 


These two volumes represent a compilation of reports of approximately three 
years of research and many experiments, carried on by a considerable group of 
investigators, on the toxicologic aspects of uranium compounds and the mechanism 
of uranium poisoning. There is also a short section on the pharmacologic and 
toxicologic aspects of fluorine and hydrogen chloride as determined by experimental 
studies. 


The first volume covers the chemistry of the uranium compounds with respect 
to toxicologic studies, particularly, and of uranium complexes and biologic systems 
The analytic methods used are those that have been described in the literature, 
although some modifications are presented. They include volumetric, colorimetric, 
polarographic, spectrochemical and photometric methods. The statistical methods 
present a compact summary, which is in correlation with externally determined 
data. The pathologic anatomy of uranium poisoning covers in complete fashion 
the pathologic changes and the interpretations of these changes, particularly with 
respect to the kidney, since in this organ most of the damage occurs 

The characteristics of local effects and the systemic action of uranium poison- 
ing are covered completely. Various tests are discussed as diagnostic aids in 
the detection of uranium poisoning, the most important of these being the determi- 
nation of catalase and protein in the urine. The L.D.» rate for various dosages 
and exposure times with parenteral, oral, intracutaneous and intraocular admin- 
istration are given. The toxicity following inhalation is the subject of the largest 
chapter in the book, which is very complete, giving the background method of & 
attack and the organization of the program. The exposure chambers, the dust 
feed mechanisms and the uranium tetrachloride feeding mechanisms are described 
in detail. 


The methods of exposure and the control methods as they are given may be 
useful in other types of toxicity studies. A modified cascade impacter to take j 
into account the high specific gravity in uranium is well described. This volume af 
is a very comprehensive study in the pharmacology and toxicology of uranium 
and should be of great value to toxicologists and pharmacologists generally. 

Volume 2 is a continuation of inhalation studies, with descriptions of the acute 

responses evoked by 12 uranium dusts and the separation of toxic from nontoxic 
levels of seven of the more important dusts. A number of practical criteria of 
uranium toxicity are established. Many of these are described for the first time. 
Stress is placed on the fact that the most characteristic of all in the complex 
pattern of response in uranium intoxication is the time lag between initial exposure 
and grossly manifest symptoms. Actual clinical studies are also presented in 
regard to both acute and chronic toxicities. There is an implied suggestion that 
all is not yet known about the effects of chronic exposures to uranium. 
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In an important section, protective devices for workers are described and 
recommendations for the proper use of such devices made. : 

These volumes are clearly written, and: sufficient tables, charts and diagrams 
are presented to make the work understandable. This work should be valuable 
for ready reference, both clinically and experimentally. 


Frank Princ, M.D. 
University of Colorado, Denver. 


Phenol and Its Derivatives: The Relation Between Their Chemical 
Constitution and Their Effect on the Organism (National Institutes 
of Health Bulletin, no. 190). By W. F. von Oe¢ettingen, United States 
Public Health Service. Pp. 408, with 9 illustrations. Price 70 cents. Supt. 
of Documents, United States Government Printing Office, Washington 25, 
D. C., 1949. 


The compounds or groups of compounds discussed in this monograph include 
the following: (a) Monophenols (phenol, cresols, xylenol, carvacrol, thymol, 
chavicol, tertiary butyl phenol, naphthol); (6) diphenols (catechol, resorcinol, 
hydroquinone) ; (c) triphenols (pyrogallol, phloroglucinol, hydroxyhydroquinone) ; 
(d) halogenated phenols (mono-, di-, tri-, tetra- and pentahalogenated phenols) ; 
(e) aminophenols (mono-, di-, tri- and N-substituted aminophenols); (f) nitro- 
phenols (mono-, di-, tri- and alkylated dinitrophenols, dinitronaphthol) ; (¢) phenolic 
aldehydes (salicyl- and protocatechuic aldehyde); (h) phenolic acids (mono-, di- 
and triphenolic acids, carboxylic acids of phenol ethers) and (i) phenolic ethers 
(mono-, di-, tri- and tetraphenolic ethers). 


As far as the available literature permits, the kompounds are reviewed in 


respect to: rates of absorption, detoxication, storage and excretion; chemical, 
physical, pharmacologic, toxicologic, antiseptic and anthelmintic properties ; chemical 
determination and identification. The treatment of poisoning by some of these 
compounds is discussed at greater length. 

The monograph refers to or quotes more than 1,500 original papers. It will 
provide the experienced investigator with a wealth of highly useful information 
The less experienced worker may occasionally find himself in difficulties when 
interpreting the collected data. Subdivision of the information into a larger 
number of paragraphs would have augmented the clarity of the material, while 
a more critical analysis of the data combined with conclusions at the end of a 
chapter would have been appreciated by those who need information quickly as 
well as by those who are not sufficiently familiar with the subject to make correct 
deductions. Nevertheless, the monograph is highly recommended. No other 
compendium on phenol and its derivatives is available that approaches the thorough- 
ness of the recording of the old and the new literature displayed in this volume. 


B. DEICHMANN. 
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AND ENTIRELY DIFFERENT! 


A 


© for measuring atmosphere contamination 


® for process control 


@ Extreme precision in the continuous analysis 
of gaseous atmospheres, vapors and liquids 
—with practically instantaneous response to 
changing concentrations—is provided by 
the remarkable new M.S.A. LIRA (Luft- 
Type Infra-Red Analyser) apparatus. This 
advanced instrument's operation is based 
upon the fact that most gases, vapors and 
liquids absorb infra-red light in a portion 
of the spectrum which is specific for each 
product. Accordingly, as each product ab- 
sorbs its own particular wave length of 
infra-red light, this new instrument employs 
that phenomena to detect a specific product 
in a simple or complex mixture. 


© The infra-red light source isa glower of nichrome that of the sample, and degree of contamination 
wire, heated electrically. Light energy from the _ is indicated electronically on a meter or recorder. 
coil is directed in two beams through filter tubes, Accuracy of analysis can be obtained to + 1 
a sample tube and a compensator tube, into two p.p.m. for many fluids. 
interconnected receiver cells. Continuous com- Write for additional LIRA details in descrip- 
parison is made of “standard” air or liquid with tive Bulletin No. DZ-4. 
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DOCTOR, 
WILL YOU MAKE 
THIS NOSE TEST? 


SEE AT ONCE PHILIP MORRIS 
ARE LESS IRRITATING 


It is one thing to read published studies.* Quite 
another to have your own personal experience 

provide the proof! The PHILIP Morris nose test 
takes but a moment. Won't you try it? 


HERE IS ALL YOU DO: 


light up a Morris 


Take a puff—DON'T INHALE. Just 
s-l-o-w-l-y let the smoke come through 
your nose. AND NOW... 


..- light up your present brand 


Do exactly the same thing— DON’T 
INHALE. Notice that bite, that sting? 
Quite a difference from PHILIP MorRIs! 


With proof so conclusive, would it not be good practice 
to suggest Puitip MORRIS to your patients who smoke? 


PHILIP MorRIS 


Philip Morris & Co., Ltd., Inc. 
119 Fifth Avenue, New York, N.Y. 


* Proc. Soc. Exp. Biol. and Med., 1934, 32, 241-245;N_Y. State Journ. Med., Vol. 35, 6-1-25, No. 11, 590-592; 
Laryngoscope, Feb. 1935, Vol. XLV, No. 2, 149-154; Laryngoscope, Jam. 1937, Vol. XLVII, No. 1, 58-60 


cx: : 

j 

: 

= 

~ 

‘= 
q 

g 

: 
“4 3 

: 

a 


